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ABSTRACT 

One of the most prominent, yet controversial associations derived from the ensem- 
ble of prompt-phase observations of gamma-ray bursts (GRBs) is the apparent 
correlation in the source frame between the peak energy {Epeak) of the vF{v) 
spectrum and the isotropic radiated energy, Eigg. Since most gamma-ray bursts 
(GRBs) have Epeak above the energy range (15-150 keV) of the Burst Alert Tele- 
scope (BAT) on Swift, determining accurate Ep^ak values for large numbers of 
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Swift bursts has been difficult. However, by combining data from Swift/BAT 
and tlie Suzaku Wide-band All-Sky Monitor (WAM), which covers the energy 
range from 50-5000 keV, for bursts which are simultaneously detected, one can 
accurately fit Ep^ak and Ei^o and test the relationship between them for the Swift 
sample. Between the launch of Suzaku in July 2005 and the end of April 2009, 
there were 48 gamma-ray bursts (GRBs) which triggered both Swift/BAT and 
WAM and an additional 48 bursts which triggered Swift and were detected by 
WAM, but did not trigger. A BAT- WAM team has cross-calibrated the two in- 
struments using GRBs, and we are now able to perform joint fits on these bursts 
to determine their spectral parameters. For those bursts with spectroscopic red- 
shifts, we can also calculate the isotropic energy. Here we present the results 
of joint Swift/BAT- Suzaku/WAM spectral fits for 91 of the bursts detected by 
the two instruments. We show that the distribution of spectral fit parameters is 
consistent with distributions from earlier missions and confirm that Swift bursts 
are consistent with earlier reported relationships between Epeak and isotropic en- 
ergy. We show through time-resolved spectroscopy that individual burst pulses 
are also consistent with this relationship. 

Subject headings: gamma rays: bursts 



Introduction 



The Swift gamma-ray burst explorer mission (iGehrels et al.ll2004l ) has vastly increased the 
number of gamma-ray bursts (GRBs) for which X-ray and optical counterparts have been 
detected. This has led to a much larger sample of bursts for which a redshift is known 
or inferred. For the first 409 bursts that triggered S wift, 135 have a publis hed redshift. 



compared to 42 redshifts before the advent of Swift (jJakobsson et al. 



2006h . This data 

set h as allowed for the first time the use of GRBs as cosmological probes (e.g. 



Schaefer 



20071 ). Once redshifts were known for a significant number of bursts, several authors derived 
relationships between various measured quantities of the prompt emission - most of these 
relationships involved relating the time-averaged uFu spectral peak energy (Epeak) of the 
prompt emission to bolometric properties of the explosion. Testing such relationships for 
Swift bursts using Swift data alone is problematic because the narro w bandpass of the Burst 
Alert Telescope (BAT) (15-150 keV for a strong modulated response: iBarthelmy et al.ll2005al ) 
is below Epeak for the majority of GRBs. Our results show that three quarters of Swift bursts 
have Epeak > 170 keV. However, when the Swift data are combined with data from another 
instrument with a higher energy response, such as the Wide-band All-Sky Monitor (WAM) 
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on Suzaku ( lYamaoka et al.l |2006| . l2009al ) , it is possible to accurately determine Epeak for all 
bursts which are bright enough for their spectra to be reasonably fitted. 



Due to the large fields of view of the Burst Alert Telescope (BAT) on Swift (IBarthelmy et al 



2005al ) and the WAM on Suzaku, it is not uncommon that GRBs will be observed by both in- 
struments. Between August 2005 (the start of the Suzaku mission) and April 2009, 48 bursts 
triggered both instruments. Of these bursts 22 have redshifts. There are an additional 48 
bursts untriggered in WAM (and 2 untriggered in BAT), 14 of which have redshifts. After 
rejecting 7 bursts which could not be fitted, we were able to fit the spectra of 91 bursts. Of 
this set, 24 bursts were best fitted by a simple power law model (see below for details on the 
models used), thus we have 67 bursts (29 with redshifts) for which -Epeafc can be determined 
- about 1.5 per month and 18% of all Swift triggers (24% of triggers with redshifts) during 
the period of overla p betw e en Su zaku and Swift. This compares to 8 Swift bursts in the 
sample reported by lAmatil (120061 . hereafter known as A06). The burst sample includes 6 



bursts which were determined by the Swift/BAT team to be short bursts. All of the short 
bursts triggered both instruments, have known redshifts and are fitted by a model for which 
Epeak can be determined. 

The first paper in which an ene rgy-fiuence re l ations hip was derived using accurately de- 
termined burst redshifts was that of lAmati et al.l (120021 ). In this paper the authors analyzed 
twelve GRBs detected by BeppoSAX and derived a linear relationship between \og{Epeak) 
and log{Eiso), where Ei^o is the total bolometric energy (1-10,000 keV) of the burst. A06 
extended and revised this work using a larger sample of 41 bursts, but found that short 
GRBs and the subenergetic event GRB 980425/SN1998bw do not fit the m ain relation. A 



numb e r of authors have c ompared Swift bursts t o these pre-Swift relations. ICabrera et al. 



(120071 ) ; iNava et al.l (120081 ) ; iGhirlanda et al.l (120081 ) all show that there is no significant differ 
ence b etween Swift and pre- Swift bursts in terms of Ep^ak relations, although IGhirlanda et al. 



(120081 ) caution that spectral analysis threshold effects could infiuence the correlation for Swift 
bursts. 



Ghirlanda. Ghisellini fc Lazzatil (120041 ) found that a tighter correlation could be derived 



if one corrected the total burst energy for collimation using the jet opening angle, which 
was in turn derived fro m the panchromatic break t ime in the afterglow light curve using a 
geometric relationship (jSari. Piran fc Halperrull999l ). This is known as the Epeak-E^ relation. 
It has been difficult to study Epeak-E^ relations for Swift because Swift bursts show more 
complicated afterglow light curves tha n had been observ ed before a nd a smaller frac t ion o f 
bursts show clear late-time jet breaks ( Panaitescu 2007h. However Ghirlanda et al. (2008) 
found that the relationship derived by IGhirlanda. Ghisellini fc Lazzatil (120041 ) [Epeak-E^) 
holds for the small sample of Swift bursts for which a jet break time was derivable. However, 
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Campana et al.l (120071 ) point out that the presence of significant outhers weakens the case for 
an Epeak-E^ relationship. Since the sample of Swift-Suzaku bursts with confirmed jet breaks 
is so small, we do not attempt here to comment on Ep^ak-E^ relations. 



A somewhat different relationship is derived by lYonetoku et al.l (120041 ) showing a linear 
correlation between log{Epeak) and the log of the luminosity during the peak second of the 
burst. This relation ship has been refined by adding the high -signal GRB time duration 
(IFirmani et al.ll2006l ) or a luminosity time (ITsutsui et al.l 120091 ). 



All of the relatioii s disc ussed above hav e been criticized by various authors. In particular, 
Band fc Preece J2005h and iNakar fc Piranl (120051 ) show that the majori ty of BATSE bursts 
are inconsistent with both the Epeak-Eiso and Ep^ak-E^ relations, and iButler et al.l (120071 ) 
argue that the relations are mostly due to selection effects. We show in this paper that the 
Epeak-Eiso relation does hold for long Swift bursts, and that the relation cannot result simply 
from selection effects. 



The organization of the paper is as follows. In §2] we discuss methodology and data 
selection and describe the spectral models used. Then in §3] we describe the distributions 
of spectral fit parameters. In §1] we cover the correlations between burst parameters and 
compare these results to previously published results. Finally, in ^ we provide general 
conclusions and interpretation. 



2. Methodology 

All of the bursts used in this study triggered either the Burst Alert Telescope (BAT) on 
Swift or the Wide-Band All-Sky Monitor (WAM) on Suzaku, and in nearly half the cases 
triggered both instruments. The spectra were fitted jointly to the BAT and WAM data and 
fits include the time-integrated spectra and sets of time resolved intervals as described below. 
Either one or two of the four WAM detectors were used in the fits, depending on which of 
the side detectors were hit. For all but one of the BAT burstfl event data were used to 
derive first a light curve in the 15-200 keV band. From this light curve we used the standard 
Swift/BAT tool battblocks to determine the total time interval of the burst in the BAT 
energy range, Tioo, and those subsidiary peaks of the prompt emission which were found by 
th e tool to be sta tistically significant. The battblocks tool uses the Bayesian Block method 



of IScargld (119981 ) to determine significant time intervals in a light curve based on Bayesian 



^The one exception is GRB 060124, for which BAT triggered on a precursor. This event is discussed 
below. 
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analysis. The initial Bayesian blocks are determined from the BAT light curves, but we 
elected to combine blocks so that they represent significant variations in both BAT and 
WAM. The bin edges are then shifted to match the time quantization of the WAM spectral 
data (see below). The normal Swift response to a GRB consists of a spacecraft slew to the 
burst location commencing usually between 7 and 40 seconds after the trigger and lasting 
typically between 40 and 80 seconds. For 37 of the bursts in the sample, the prompt emission 
which was intense enough to be analyzed in both BAT and WAM lasted into the spacecraft 
slew and for 24 of these bursts, the prompt emission continued after the termination of the 
slew. Since the location of the burst in the BAT field of view (FOV) changes during the slew, 
care must be taken when deriving the instrument response for bursts containing slews (see 
below). For this reason, we have also divided burst intervals into, as appropriate, pre-slew, 
slew and post-slew periods and when Bayesian block edges fall within a few seconds of the 
start or end of a slew, we have shifted the bin edges to match these physical transitions. 

For each significant time interval, we used the tool batbinevt to derive a BAT spectral 
file and batdrmgen to derive a response file. When the spacecraft pointing was stable (pre- 
slew and post-slew) we could use a single response file since the burst was at a constant 
position in the FOV. For any intervals overlapping in whole or in part with the slew, we used 
a special procedure to average the response so that it correctly acc ounted for the c h anging 



location of the burst in the FOV. This procedure is described in iSakamoto et al.l (l2008al . 
hereafter known as SOS). Sakamoto et al. (2009b; in preparation) have shown that there 
is no systematic problem with analyzing the BAT spectra data during the slew using a 
weighted energy response. Tables [T] and [S] indicate clearly which bursts and burst intervals 
are so affected. 

The temporal boundaries of the selected Swift/BAT intervals had to be further adjusted 
to match the WAM data. The WAM spectral data have a time quantization of 0.5 seconds 
for BST data covering the period from 8.0 seconds before to 56.0 seconds after a burst trig- 
ger, and 1.0 seconds for the TRN data outside these intervals and for untriggered burstqj. 
Thus the boundaries of the time intervals must be adjusted to match the WAM time quan- 
tization. Times were also corrected for time-of-fiight differences between the two spacecraft, 
but because both are in low-earth orbit, this correction is typically only a few milliseconds. 
The WAM data were inspected for each of the BAT-derived time intervals and when WAM 
emission was intense enough for a spectrum to be derived, a WAM spectral file was pro- 
duced. In a number of cases it was necessary to combine multiple BAT time intervals into a 
single interval in order to get enough WAM counts for fitting. Since Suzaku only rarely slews 



^The current setting for WAM BST data was initiated on 2006 March 20. Before this date, aU WAM 
spectral data have 1.0 second time resolution. 
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during burst^, a single response file for each WAM detector is used for a given burst. In 
several cases, even though two WAM detectors were hit, we decided to use only one WAM 
detector for analysis, either because the incident angle was bad (passing through too much 
passive material) or because the count rate was too low in one of the detectors to allow a 
proper spectrum to be accumulated. Such cases are noted in Table [1] 

Suzaku WAM data analysis was performed using the standard FTOOLS in the HEADAS 
version 6.6 package. In accordance with Swift/BAT time intervals, the spectra were accumu- 
lated and deadtime corrected. The WAM instrumental background is significantly variable 
with time, so we fitted the WAM light curve for each channel before and after the time 
intervals with a 4**^ order polynominal function, then interpolated the best-fit model into the 
source extracted regions. The energy response was calculated based on incident angles using 
the response generator, wamrespgen v. 1.9. The energy range was limited to be above 
120 keV in the fitting. Un certainties of the flux u sing the current response is estimated at 
about 30% above 120 keV JVamaoka et al.ll2009ah . 



For each time interval, joint fits were made to the BAT and WAM data. Data were fit 
using xspecll . 1^ to a simple power law (PL) model, a p ower law model w' ith an exponential 
cut-off (CPL), and the two-component (Band) model (iBand et al.lll993l ). The functional 
forms of these models are, respectively: 



Npl{E) = C-A 



E 



Enorrn 



Ncpl{E) = C-A 



E 



E„ 



exp 



E{2 



a 



E, 



'peak 



(2) 



NBand{E) 




exp 



g(2 + a) 



E<E, 

E> Er 



(3) 



In each of the above equations, A is the normalization in photons s^^ cm^^ keV^^, E 
is the energy, measured in keV, Enorrn is the normalization energy, which is fixed at 100 
keV for this analysis, a is a photon spectral index, and C is a dimensionless constant. In 



■^The only GRB in our sample for which Suzaku was slewing during a burst was GRB 07072 IB. We were 
unable to fit a spectrum to this burst, so it is not included in our analysis. 

''http: / /heasarc.gsfc.nasa.gov/xanadu/xspec/xspecll/index.html 
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the Band model, /? is a second photon spectral index, Ec = {a — (3){Epeak/'2 + a), and the 
normalization parameter A' is defined as 



A' = A 



ya-p)i^,,ak exp(/?-a) (4) 



Enormia ~\~ Oi) 



In the fits, the constant C was fixed to a value of 1.0 for the BAT and was allowed to vary 
as a free parameter for the WAM. The fits for each interval and each model were inspected 
and a time interval/model was rejected if either (a) the lower-energy power-law index, a, was 
not constrained, (b) the reduced chi-squared, x^ed > 2 or (c) the WAM constant C was not 
consistent with unity (with a few exceptions listed below). For the CPL and Band models 
we added the criteria that (d) Epeak be constrained. We did not require the higher energy 
index /3 to be constrained. If the original "total" time interval did not yield an acceptable fit, 
then a shorter time interval which was better matched to the extent of the WAM emission 
was chosen for the time-integrated interval. Such cases are clearly noted in Table [H In the 
subsequent discussion the term "total burst interval" will designate the longest continuous 
time interval over which an acceptable model fit can be made to either the CPL or Band 
model. In a companion work, Sakamoto et al. (2009b; in preparation), the cross-correlation 
between BAT and WAM (and also Y^omis-WIND) is studied in detail. They find that the 
normalizations between the instruments are consistent to w ithin 20%. A detailed study of 



GRB 050904 has also been carried out (ISugita et al.l l2009l ) and the results are consistent 
with this work. 

For each time interval (time- integrated and time- resolved) , the "best" spectral model 
was determined. The default for each case was a simple power law model. If, however, the 
difference in between the PL fit and the CPL fit or between the CPL fit and the Band fit 

was ^xla,b) > 6-0, where Axl = AxIl - ^Xcpl or Axl = Axcpl - ^xland^ then the more 
complicated model was deemed to be the "best" model. Of course this more complicated 
model fit also had to meet the acceptability criteria listed in the preceding paragraph. With 
this selection method, for the full burst intervals, 26 bursts were found to be best fit by the 
simple PL model, 51 by the CPL model and 14 with the Band modej^. However, for all of 
the bursts for which the CPL model was the best fit, the Band model was also an acceptable 
fit. In each case the values of Ep^ak for the two models were identical to within statistics. 

In all cases in which either the CPL or the Band model is the best fit and for which a 
redshift is known, we then transformed Epeak to the source frame by multiplying -Epg^^, by 



^In two cases, GRBs 050915B and 081109A, neither Axl nor ^xl were > 6.0, but Ax^ = ^Xpl ^ 
^x'sand ^ '^■0: SO these bursts are included in our data set and Ep^ak values used in the analysis. 
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a factor [1 + z). The next step was to determine, for each burst, the isotropic energy, Eiso, 
integrated over the total burst interval and over each time-resolved burst interval. To make 
sure that we were comparing equivalent quantities for each burst, we used only the Band 
model to calculate the integrated flux, including those cases for which the Band model gives 
an acceptable fit, but is not the "best" fit model. This choice is justified in §3.41 We also 
include in our sample bursts for which the high energy power-law index f3 is not constrained, 
allowing the uncertainty in this par ameter to con t ribut e to the overall error in the flux. To 



find Eiso, we used the definition of lAmati et al.l (120021 ) to derive E^so from the integrated 
flux: Eiso =l/{l + z) J^^"^"[EN{E)dE x An * dL% To allow direct comparison we used the 
same cosmological parameters as the earlier authors: Hq = 65 km/s, Qm = 0.3 and Q\ = 
0.7. 

It is also important to check the results for overall quality of fits. In Figure[I]we show two 
plots which verify the overall validity of our results. In Figure [1^, we show the distribution 
of reduced for the time integrated and time resolved fits. We see that both histograms 
peak at Xred — ^ with an appropriate distribution of values. In Figure [T)d we show a 
histogram of the WAM normalization factor for those bursts and sequences which otherwise 
meet the quality standards outlined above. We see that the distribution has a peak at unity 
as expected, but also a tail at high values of the normalization constant. Two of the tail 
points in the time integrated histogram at just above 4.0 are due to GRB 060124, which is 
a unique burst in the sample in that BAT triggered on a precursor «i 450 seconds before 
the main emission and the WAM trigger. The BAT event data extended to only Tq + 302 s, 
where Tq here and henceforth refers to the Swift/BAT trigger time. Therefore, we used BAT 
survey data with a time resolution of 250 seconds instead of the usual 100/xs resolution. The 
WAM data covered only the 33 seconds of actual emission. This difference in data duration 
is responsible for an increased WAM normalization factor. Since the energy resolution for 
survey data is as good as for event data and the analysis looks robust, we include the burst 
in our sample. The other high tail point is due to GRB 080218A, which has a very low 
Epeak = 32 ± 9 keV, and for which Epeak is fitted well with the BAT data alone. Inclusion 
of the WAM data does not significantly affect the result, so given the high normalization 
factor, we have decided to report the result of the BAT fit for this burst. Tail points for 
individual sequences were from weak sequences and were excluded from the data tables and 
plots. 
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3. Results of Spectral Fits 

The results of this analysis for individual bursts are given in four tables. Table [1] gives a 
list of all jointly detected bursts and includes BAT and WAM trigger numbers, the WAM 
detector sides used in the analysis, the burst redshift when available, BAT Tgo, and the 
temporal extent of each total burst interval. In Tables [2] -|U the fit parameters for the total 
burst intervals are given. Bursts for which either the CPL or Band models are acceptable fits 
are listed in Table [2], while those bursts for which only a PL model is acceptable are listed 
separately in Table [31 Table H] lists the fiuence values from a Band model fit for each burst 
in Table [21 In Table we list the fit parameters for each time-resolved burst segment for 
which we could find an acceptable fit to either the CPL or Band model. We do not include 
burst segments for which only a simple PL is an acceptable fit. 

Histograms of the fit parameters for the time integrated and time resolved spectra are 
shown in the following figures: the low-energy power-law index a in Figure [21 the high-energy 
power-law index in Figure [31 and -Epeafe in Figure [H For a given parameter a pair of plots 
(time-integrated and time-resolved) is given for each model that contains that parameter. 
In other words, the a parameter is plotted for all three models, the /? parameter only for the 
Band model, and the E^eak parameter for the CPL and Band models. The dashed histograms 
in Figure are created by assigning each burst to a histogram based on which model is 
the best fit for that burst (see Column 9 in Table [2]). The solid black histograms are the 
accumulations of the dashed line histograms. In Figures [2t, [3^ and [It, we also show for 
the time integrated spectra the histograms of the parameter distributions for short bursts in 
blue or light grayj^ The median values and the dispersions (quartile) for each histogram are 
given in Table [HI We also show a pair of scatter plots in Figure [3 We plot a with respect 
to fiuence in the 15-150 keV band and with respect to Ep^ak- These plots are discussed in 
the text below. 

We see in Figure [2^ that the harder the burst (less negative a) the more likely we are 
to be able to fit a model with a larger number of parameters. This bias is also seen for the 
time resolved spectra in Figure [2}d. Furthermore, in examining Figures [2^, [31 and [It and 
the relevant individual histograms, one can see few differences in the distributions of a, j3, 
and Epeak between time integrated and time resolved fits. One can see in Figure [21:; that the 
median a for the time resolved spectra is softer than that for the time integrated spectra. 
The time resolved spectra are more likely to be from later and hence softer segments of the 
bursts. 



^Note that the sohd black histograms are cumulative, including both long and short bursts. 
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Although there are far fewer short bursts than long bursts, one can see some differences 
between spectral fit parameters for these two classes of bursts. In Figure [St, we note that 
although the distributions overlap, short bursts are clustered toward the hard side of the a 
distribution, with a median value, -0.72, different from the overall median, -1.23. Figure Ht 
gives a similar picture - one cannot distinguish short from long bursts by their E^^ak values, 
but short bursts are much more likely to have a high value of E^^ak than are long bursts. 



3.1. Power Law Spectral Fits 

First we examine the bursts for which the PL model is the best fit. One can see clearly 
in Figure [5^ (black points), that these are not intrinsically faint bursts, even though we 
are likely "losing" a significant fraction of the flux below 15 keV. However, due to their 
soft spectra (low a values), these bursts tend to be very weak in the WAM band and/or 
have an -Epeafc value below the WAM energy threshold and a weak "lever arm" in the BAT 
energy range, so that it is not possible to fit a spectral break using the joint BAT/WAM 
data. The basic conclusion of this is that if the low-energy index a < —1.5, it is very 
difficult to constrain -Epeafc with the BAT- WAM data unless the b urst is particularly bright 
{F > 7 X 10~^ erg cm~'^). As the work of Sakamoto et al. (j2009 . hereafter known as S09) 



shows, bursts in this range tend to have low values of E^^ak ^ 100 keV. Figure shows that 
there is no apparent correlation between burst fiuence and the form of the most acceptable 
spectral model. 

The results of S09 allow us to verify that -Epeafc for the PL-only bursts is indeed likely to 
be within the BAT energy range, but below the WAM energy range. In Table [3] we include 
estimates of Ep^ak derived from the formulas given in S09 which relate Ep^ak to the power-law 
index derived from a power-law model fit, a (called F in S09). Two of the bursts (GRBs 
060211A and 060322) were bright enough to be fitted with the BAT data and we have used 
Epeak from SOS. Another two bursts have a outside the range for which the S09 formulas are 
considered valid and we report no -Epeait values. For 19 of the 22 bursts with -Epeafc values 
we see that our best fit estimates of Epeak are within the BAT energy range, but below the 
WAM energy range. All of the remaining three have Epeak values at the lower end of the 
WAM range and PL indices near the lower edge of the validity of the S09 relation, so Epeak 
values derived from S09 may be in question. GRB 080303 and GRB 090305 are weak bursts 
which were not triggered in WAM. The other, GRB 080123, did trigger WAM, but we were 
unable to constrain Epeak with either the BAT- WAM data or the BAT only data. However, 
with a few possible exceptions, all PL-only bursts in our sample have estimated Epeak values 
in the BAT energy range which puts them at the low end of the BAT- WAM energy range. 
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In conclusion, for this set of bursts we are fitting mostly to the part of the Band spectrum 
above the break energy. Therefore what we derive as a in a PL fit is actually (3 in the intrinsic 
spectrum, hardened somewhat by an inclusion of part of the spectrum above the break. This 
explains why the PL index values are so soft: a ~ —1.6, which is intermediate between a 
and (3 measured for GRBs fit with the Band function. 



3.2. Cut-ofF Power Law Spectral Fits 



Next we examine those bursts for which the GPL model is the best fit. In those cases for 
which -Epeafc is determined, one can see an interesting trend in Figures and Eb- Bursts 
for which the Band model is statistically favored tend to have a hard a ~ —1.0, but a low 
Epeak ~ 80 keV (dashed histogram in Figure and blue points in Figure |5]d.). Beyond this 
set, we find a large sample of bursts (solid histogram in Figure H^) for which the Band model 
is an acceptable fit, but not statistically favored over the GPL model. For these bursts, one 
finds a much broader distribution of Ep^ak values with a higher average Ep^ak ~ 300 keV. 
What this tells us is that for most bursts with a moderate Epeak : ~ 100 < Epeak < 1000 
keV, both the Band and GPL models produce acceptable fits, but only for those bursts with 
particularly low Epeak, is there sufficient fiux above the spectral break that the Band model 
is favored by more than Ax^ > 6.0. We can see from the fourth column of Table M that most 
of the bursts which are "Band- acceptable/GPL- favored" (BACF) have a distribution of the 
high energy Band parameter (3 quite similar to the "Band-best" bursts. For these bursts, 
we are fitting mostly to the part of the Band spectrum below the break energy, where a 
cut-off power law dominates. An inclusion of part of the spectrum above the break softens 
the apparent a. Some of the bursts in the BACF set do have f3 values outside the main 
distribution (/5 < —7), suggesting that we are only deriving an upper limit for P values for 
these bursts. 



3.3. Band Spectral Fits 

Even with the extended energy range of BAT and WAM, we have a minority of bursts for 
which the Band model is unambiguously the best fit. Earlier studies of burst spectra have 
shown that the form of the fit model which yields the lowest depends wher e Epenk falls 



with r espect to the high and low energy bounds of the detector. In particular iBand et al. 



( 119931 ) show through simulations that even when the Band model is the intrinsic spectrum of 
a burst, increasing the lower energy bound in the fit biases fits toward simpler models. They 
also show that on average fits to bursts with low signal-to-noise (S/N) ratios yield the correct 
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fit parameters, but that the dispersion in the fit parameters increases with decreasing S/N. 
Later work by S09 shows that it is difficult to fit bursts with low Ep^ak with a CPL or Band 
model because there is not sufficient data on both side s of E „f>ak to adequately constrain a 
model with a break. In short, the results of iBand et al.l (119931 ) and S09 tell us that while all 
bursts are probably representable by the Band model, simpler models are often found to be 
acceptable or even statistically favored. The distribution of fit parameters and the nature of 
the best fit models found in our work is consistent with these conclusions. 



3.4. Possible Biases in the Ep^ak Distributions 

In §2] we noted that we will use parameters derived from the Band model for the correlations 
to be examined in ^ Thus it is important to verify that the Epeak values derived from the 
Band fit for the BACF bursts are acceptable to use. We conclude that this is the case for 
several reasons. First of all, as discussed above, spectral studies and simulations show that 
the Band model is hkely to be able to represent all long GRB spectra. Secondly, all bursts 
for which a CPL model was the best fit could also be acceptably fitted with a Band model. 
Thirdly, in Figure UK, we see that the distribution of Epeak values derived from the CPL 
model and the Band model are nearly identical and have median values that agree to within 
error (see Table [H]). Finally we find in Figure [H] that the correspondence between the two 
Epeak values (CPL and Band) is good. We do see a clear trend for the CPL model to find a 
higher Epeak than the Band model for a given burst. This makes sense if we assume that the 
Band model represents the intrinsic spectrum: fitting such a spectrum to a model without a 
separate high energy component requires a higher cut-off energy to adequately fft the high 
energy data. This is to be expected based on an examination of the functional forms of the 
two models (Equations 2 and 3) we see that the models are the same for E < Ec, differing 
only in their behavior when E > Ec- And using the median values for a and (3, we get 
Ec ~ l.SEpeak- As we will see in §3.51 (Figure [8]), the BAT/WAM Epeak distribution matches 
the BATSE distribution in the center. These correlations indicate to us that it is acceptable 
to use Band-model derived Epeak values (and Eiso derived from a Band model) for bursts 
where the Band model is acceptable, though not necessarily favored by the test. We only 
include bursts for which we have a good fit, not just an estimate of Epeak - therefore we do 
not include in our Epeak — Eiso plots, bursts for which estimated Epeak values are listed in 
Table O It turns out that neither of the bursts in Table [3] with fft Epeak values have measured 
redshifts. 

In order to study any possible overall bias in our data, we have compared our Epeak 
values to those independently derived from bursts which also triggered the WIND/Konus 
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instrument flAptekar et al.lll995l ). The results for 21 bursts that triggered both BAT/WAM 
and Konus are plotted in Figure [71 For 12 of these bursts (shown as diamonds in Figure [7]), 
Sakamoto et al. (2009b; in preparation) matched exactly the time interval quoted by Konus 
in the literature to a corresponding time interval in the BAT and WAM light curves, and 
so were able to calculate Epeak values that could be directly compared to the Konus values. 
For these bursts we use the values from Sakamoto et al. (2009b; in preparation) in the plot 
and in the fits. For the other 9 bursts (triangles in Figure [7]), we do not have the precise 
relative timing information with Konus, so we show Ep^ak values from this work as close in 
time as possible to the Konus times. These bursts are shown on the plot for comparison, 
but are not included in the fits. 

Fitting a straight line to the data (dashed line in Figure [7]) gives E^°J^^^ = (19.5 ± 
8.1) + (0.89 ± 0.05) * ^feaJ"^^^' = 7.8 for 10 d.o.f. This is formally 2.5a away from 
the line ^5°r' = ^feaJ"^^^^ (solid line in Figure [T]). A weighted mean of the ratio 
Epeal'^^^^/EpeaT' (dominated by GRB 060117, the point at the lower left with very small 
errors) is 0.9 ± 0.24, and without weighting the mean is 1.1 ± 0.24. The straight-line fit sug- 
gests a small (~ 10%) bias toward larger Epeak values for BAT/WAM compared to Konus, 
and both calculations of the mean of the ratios are consistent with unity and inconclusive as 
to a systematic bias toward higher or lower -E^^J"^"^*^. Sakamoto et al. (2009b; in prepara- 
tion) find a 20% systematic bias in E^^^l'^^^ with respect to £^^°r' (BAT- WAM higher), 
which they attribute to the smaller energy ranges of BAT and WAM compared to Konus. 
But even a 20% bias is relatively small and as shown below does not significantly impact our 
results. Sakamoto et al. (2009b; in preparation) have also found a 10-20% systematic bias 
in the BAT normalization with respect to WIND/'Koims. However, if we increase Ei^o and 
decrease Epeak values by random percentages within this range, we do not see a significant 
change in Epeak ^ Eiso fit parameters. 



3.5. Distributions of Model Fit Parameters 

The distributions of the model fit parameters a and Epeak can be seen in the scatter plots 
of Figure [5] and the solid black histograms of Figures [2^ and Ht. We first compare the 
distribution of a to the limits on the photon index determined for the emission process 
in which 7 rays are produced by synchrotron emission by relativistic electrons in intense 
magnetic fields. At the low end, the photon index cannot be l ess than -3/2, which is the 



limit derived from the synchrotron power-law emission formula (iRybicki fc Lie. 



itman 



for a cooling distribution of particles characterized by a power-index of -2 (jPreece et al. 



19791 



19981 ). Examination of Figure [2^ shows that for GRBs fit to the GPL or Band models. 
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only about 13% have a < —3/2, and the error bars for all of these extends above the 
limit. Bursts with a PL fit do extend well below the limit, but as discussed in 



1311 the 

a parameter in a PL fit is not the true low-energy index of the Band model, but rather a 



slope intermediate between the Band mode l a and j3. Thus like other authors (jPreece et al. 



19981 : iGhirlanda. Celotti fc Ghisellinil 120031 ) have found, our sample does not violate this 



lower 



flKatz 



imit. At the high end, the theory of optically-thin synchrotron emis sion predicts 



19941) that a cannot exceed -2/3. H owever a number of authors (e.g. iPreece et al. 



19981 : IGhirlanda. Celotti fc Ghisellinil |2003| ) have found a significant number of bursts with 
a greater than this "death line." We find, by contrast, that the bulk of our sample does not 
violate the limit and in fact for the brightest long bursts {F{15 — ISOkeV) > 5 x 10~^ erg cm? 
and those with higher Epeak > 150 keV, that a falls in the narrower range —1.6 < a < —1.0. 
We note, however, that these bursts are predominantly fitted with the GPL model, and as 
discussed in § 13. 2^ in this model, there is a tendency to fit an a value softer than the true 
low-energy index. By contrast, in bursts fit with the Band model and those with lower 
Epeak values, we can fit the "true" a and these bursts do tend to straddle the a = -2/3 
line; however, our sample is too small and our error estimates include a < -2/3, so it is 
not possible to say definitively whether the synchrotron shock model is violated or whether 
there is a need to include a thermal component. Short bursts also tend to have harder 
a > —1.0, which suggests that there i s another emission mechanism at work in short bursts. 
Ghirlanda. Celotti fc Ghisellinil (120031 ) have found that the early phase of bursts tend to have 
harder spectra that soften as the burst progresses. This would suggest that time-resolved 
spectra should show more cases of a > -2/3 than time- integrated spectra. Our study of 
time-resolved spectra (Figure [Sjo) does not show this effect. 

The distribution of Epeak values found in this study extend from roughly 60 keV up to 
2000 keV in the observer frame, or 100 - 3000 keV in the source frame. The lower limit 
is instrumental, as other missions (see below) do find significant numbers of bursts with 
Epeak < 60 keV. The upper bound is not sharp and the slow fall-off suggests a convolution 
of reduced effective area at high energies with a falling intrinsic distribution. The total 



bolometric energy for long bursts covers the fairly narrow range 10 erg < Eiso < 10 erg. 
The lower bound, which is not met for short bursts or for the sub-energetic GRB 060505, 
is likely a consequence of the instrumental lower limit on Epeak and the correlation between 
Epeak and Eiso discusscd in § HI The upper hmit is more likely to have a physical origin, 
but we cannot rule out that it is also an instrumental effect convolved with the Epeak - Eiso 
correlation. In any ca se, the narrow distribution we find for Eiso is consistent with th at seen 



by other authors (e.g. lAmati et al.ll2002l : iBloom. Frail fc Kulkarnill2003l : lAmatill2006l ) 



We see also that the fit parameters a, (3 and Epeak have nearly identical distributions for 
sequences as for whole bursts. This result that sequences have similar energetic properties 
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to whole bursts is important because it shows that with regard to at least this particular 
set of prompt emission properties, sequences behave just like whole bursts, or conversely, 
that long GRBs can be modeled as superpositions of individual burst events, each of which 
has energetic properties similar to a whole burst. Since there is often considerable spectral 
evolution within bursts and across sequences, it is useful to study individual burst sequences 
where there is less time for spectral evolution to smear out burst properties. 

In Figure [S] we compare the best val ues of model fi t param eters to the results from two 
other experiments: th e BATSE results of iKaneko et al.l (120061 . hereafter known as K06) and 
the HETE-2 results of Pelangeon et al. J2008h . In Figure [8^ we see that the best distributions 
of the low-energy index a have very similar distributions for BAT/WAM, BATSE and HETI5- 
2. The BAT/WAM distribution is skewed toward slightly lower a values and has a median 
of -1.23 ± 0.28, compare d to -1.14 ± 0.21 for BATSE (K06) and -1.08 ± 0.20 for HETE-2 
(derived from the data in lPelangeon et al.ll2008l ). The BAT only sample contains only bursts 
that can be fitted with a GPL or Band model and it has a softer a distribution as is expected 
since only soft bursts can be fitted with BAT data alone. Similarly, as shown in Figure [8]d, 
we see that the high-energy index /3 has a very similar distribution in the BAT/WAM and 
BATSE samples. The median values are identical to within error: —I.Ti^^^m BAT/WAM, 



-2.33l|J;^^ for BATSE and -2.30+^;^^ for HETE-2. 



In Figure (Ht, the best value of -Epeafc for this samp le is plotted along with the best values 
from the BATSE results of K06, the HETE-2 results of iPelangeon et al.l (120081 ) and the bursts 
from S08 for which a GPL or Band model can be fitted. We see that although the medians 
of the BATSE and BAT/WAM distributions are consistent, the BAT/WAM distribution has 
larger wings at both the high and low energy ends. The high energy wing is consistent with 



the lar ger effective area above 300 keV in the WAM as compared to BATSE (lYamaoka et al. 



2009al ). This allows us to more effectively fit bursts with -Epeafc > 300 keV. The low energy 
wing is attributed to the lower threshold of BAT compared to BATSE, leading to more 
triggers on bursts with -Epeafc < 100 keV. Although the BAT/WAM distribution is wider 
than the BATSE distribution, the median values are quite comparable. For this sample, the 
median -Epeafc is 29l;^^^9 keV, compared to 251^gg^ keV for the BATSE sample. We note 
that our results are consistent with BATSE results even though we include many more faint 
bursts. The inclusion criterion used by K06 is F{ 
Our sample (see §4.21) includes bursts down to F(15 — 2000 ktV) 
This tells us that the fit parameters are not affected by burst fluence. 



20 - 2000 keV) > 2.0 x 10"^ erg cmr'^ . 



2.0 X 10 ^ erg cm 



-2 



The "BAT only" and HETE-2 histograms have very different distributions which result 
from the narrow energy range of the BAT and the low energy response of HETE-2. Only 
bursts with 15 keV < E^^ak < 150 keV can be fitted with the BAT data alone. Although 
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the parent distribution is still rising at 150 keV, it becomes more and more difficult to fit 
a Band or CPL spectrum to the BAT data alone as -Epeafc increases. As expected from its 
2-400 keV energy range, the HETE-2 distribution includes more high -Epeafc bursts than does 
the "BAT only" distribution. The HETE-2 distribution also includes more bursts with very 
low Epeak values and in fact extends below the range of the figure to 2.6 keV. Clearly the 
distribution of Epeak values depends critically on the nature of the instrument. 



4. Results of Correlations 



4.1. Comparison to Previously Published Relations 

4.1.1. The Epeak — Eiso relation 

For 29 of the Swift/ Suzaku bursts in the study set, we have a measurement of both Ep^ak 
and a spectroscopic redshift. For these b ursts we can conipare the parameters der i ved i n 
this work to the results published by A06. ICampana et al.l (120071 ) and lCabrera et al.l (120071 ). 



In Figure[9]we plot the "Amati relation," showing Epeak versus Eiso- In this plot we have 
included the original A06 data points, with Swift bursts in the A06 sample shown in green 
and other bursts as black diamonds. We have a lso added other ^'wzfi bursts for which Eppg k. 
and Eiso have been derived by other authors (ICampana et al.l 120071 : ICabrera et al.l 120071 ): 
these points are indicated by open black squares. The bursts from the BAT/WAM sample 
are indicated by red filled squares (long bursts) and blue ffiled triangles (short bursts). The 
black lines are taken from A06, the red line is the fit to the BAT/WAM long burst sampl^ 
and the green line is our fit to all Swift long bursts shown in the plot. For clarity Figure [TUl 
shows only the long bursts which are neither sub-energetic nor classified as X-ray flashes. 

In comparing the bursts from this sample to earlier published samples, two things are 
apparent. First, there is a relative dearth of bursts in this sample at the lower left of Figure [TOl 
(weak, low Epeak bursts). We attribute this to not being able to fit BAT-WAM bursts with 
Epeak ^ 100 keV, as discussed in §3.1[ Secondly, we see an excess of bursts above and to the 
left of the main distribution (weak, high Epeak bursts). This is significant and is discussed 
further in §4.21 

As other authors have, we find that the data are best fitted by a power-law relation, 
Epeak = kE"^^. Following the discussion in A06, we find that is reduced if we include an 



'''The fit and the discussion in the next three paragraphs excludes the outlier GRB 060505; see below. 
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additional parameter in the fit to account for intrinsic scatter in the data, beyond what 
can be accounted by simple statistical error bars . The log-likelihood de nsity function P that 



we maximized is i dentical to the Equat ion 5 in iGuidorzi et al.l (120061 ) , with our parameter 



K replacing q in IGuidorzi et al.l (120061 ). In this function, there is a dependence on the 
parameter (jy in the normalization of the log-likelihood distribution, so we cannot simply 
interpret logP = — ^ y^. If we examine the original likelihood function (Equation 52 and 



discussion following in lD'Agostinil (120051 )). we see that the exponential part of the likelihood 
corresponds to the normal which is multiplied by a normalization. Therefore, to provide 
a comparison between the goodnesses of fit for different samples, we quote xled the last 
column of ^ as the minimization of the exponential part of the likelihood function divided 
by the number of degrees of freedom in the fit. 

The current sample shows a clear correlation between -Epeafc and Eiso for long GRBs. The 
points (accounting for sample variance) are best fitted by the line Ep^ak = (173±23)£;°-f 
where Epeak is in units of keV, and Eiso units of 10^^ erg. This shows that even with a slightly 
different (higher Epeak) distribution, the Epeak — Eiso relation still holds. 

The results from fits to various parts of this data set are given in Table [7| In the 
first eight rows, we fitted various data sets shown in Figure [10] to the power-law relation 
Epeak = kE^g. The first line gives our fit to the original GRB sample of A06 (excluding 
X-Ray Flashes). We derive a slope m, intercept K and sample variance consistent with 
A06. The next three lines are fits to burst samples previous to this work. We see that there 
is a significant difference between the fits to the 6 Swift bursts in the A06 sample and the 
33 non-Swift bursts, with the slope of the fit to the Swift bursts being much higher (0.74 
vs. 0.43) and the intercept being much lower (55 vs. 111). Although the correlation is 
good (p = 0.94) and Xred ^^^Y close to one, the small sample of A06 Swift bursts may be 
an anomaly. The comparison between the current sample and the earlier sample of Swift 
bursts (lines 4 and 5 in Table [7j) is quite close. The intercepts are consistent to within error, 
although the sample variance is a good deal larger for the current sample. Neither case 
shows a great deal of correlation (p = 0.74). 

In comparison to earlier Epeak relationships, our sample has a higher range of Epeak 
values and a significantly broader dispersion (as evidenced by the larger sample variance 
(T„) than does the A06 sample. Nonetheless, we are able to derive a reasonable correlation 
between Epeak and Eiso with a slope that matches that of A06 (0.51 ±0.05). Similarly we can 
show good correlations between Epeak and Eiso for both (a) Swift long bursts and (b) all long 
bursts despite the sample variances, and can fit slopes to the relationship (m(a) = 0.44 ±0.03 
and 771(6) = 0.42 ±0.02) that are consistent with earlier findings. It is important to note that 
the slope of the relationship is consistent even though the Epeak range (refiected in the K 
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intercept parameter) is significantly higher for the Swift sample {K = 164 ± 13) than for the 
pre- Swift sample studied by A06 {K = 111 ±7). A higher value of K means that a burst with 
a given Ep^ak in the source frame will have, on average, a lower Eiso- With m = 0.43, for a 
given Epeak, E^go for a Swift burst would be (~ 0.3 — 0.6) E^go for a pie-Swift burst. However, 
examination of Figure [9] shows that we are actually sampling roughly the same range of Eiso 
as the pie-Swift sample, but with a broader distribution of larger Ep^ak values. Furthermore 
we confirm that this relationship holds for Swift bursts over ~ 3 orders of magnitude in Ei^o 
and nearly ~ 2 orders in -Epeafe and over a redshift range of 0.09 < z < 6.29 with no indication 
of any variation in the relationship with redshift. This tells us that we are now sampling 
a different part and a broader section of the burst population than did earlier experiments, 
but with similar results. 



4-. 1.2. Possible instrumental selection effects 



Several authors (e.g. iButler et al.ll2007l : iGhirlanda et al.ll2008l ) have questioned whether 
the tightness of the Epeak — Eiso relation is due to instrumental selection effects. On the low 
side of the relation, selection effects cannot be important: if an instrument can detect a burst 
at a given Ep^ak and Eiso it could certainly detect a burst at the same -Epeafc but a larger Eiso- 
Thus the absence of bursts in the lower right of Figures and dO] must be a real physical effect. 
On the upper side of the relation however, it is possible that instrumental effects are causing 
bursts to be missed. This possibility arises because Swift/BAT and Suzaku/WAM, like other 
detectors, require a minimum photon flux to trigger or detect a burst. The Swift/BAT 
trigger is particularly complicated, allowing effective triggers on many different time scales, 
but essentially a trigger requires a particular count rate above background. The relationship 
between energy fluence, the observer-frame analog of Eiso, and photon flux is a complicated 
one, depending on the spectral and also the temporal properties of the burst (rapidly varying 
spiky bursts with high peak count rates are more likely to trigger than slowly varying bursts), 
but the general trend is that hard GRBs produce fewer photons than soft GRBs of the same 
total energy fluence. 



Bandl (120061 ) has calculated the peak flux threshold for Swift/BAT as a function of 



energy for several different burst spectra. We have attempted to derive such a threshold 
from the data. Since the Swift/BAT trigger operates on many different time scales, we 
consider photon fluence to be a better determinator of threshold than peak flux. Using our 
fits to the Band model for long GRBs, we derive for each burst the ratio R between photon 
fluence {photons / cm^) and energy fluence (units 10~^ erg /cm?) in the 1-10000 keV band. 
This ratio is plotted with respect to Ep^ak in Figure [TTh . There is a good deal of scatter in 
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the distribution, but the trend is for R to be smaller for larger Ep^ak- We fitted the data and 
found a weak correlation p = 0.52 (1.20 x 10~^ chance probability). 

The next step is to determine the energy fluence threshold at a representative energy. 
To be included in this study, the burst must trigger the BAT and also be bright enough to 
be detected in the WAM. It is clear from Figure [5^ in which bursts from SOS are plotted in 
gray behind the bursts in the current sample, that the WAM threshold is higher than the 
BAT threshold. There is also an effective threshold in a since bursts with a < — 1.6 are soft 
and unlikely to be fitted with a CPL or Band model even if detected in WAM. However, any 
burst in gray with a > —1.6 since the launch of Suzaku could have potentially been detected 
by Suzaku. For such bursts in SOS since 2005 September 1, we find the following statistics. 
For the 15 long bursts with F( 15-150 keV) < 9 x 10""^ erg /cm? (flux from SOS), none were 
detected in WAM, 7 were not visible to WAM (due to earth occultation or the detector being 
disabled during passage through the South Atlantic Anomaly), and S were visible, but not 
detected. Of the 51 bursts with F(15-150 keV) > 9 x 10"^ erg/cm^, 36 were detected in 
WAM, 13 were not visible to WAM, and only 2 were visible but not detected. This shows 
that there is a very sharp threshold for WAM detection among Swift bursts. 

In Figure [TTb we plot Ep^ak with respect to energy fluence (1-10000 keV). The lowest 
fluence of any long burst in the sample is 9.0 x 10^'' ergjcvr? for a burst with Ep^ak = 
141 keV. We take this point to be our detection threshold and then use the best fit to the 
data of Figure [TTh to determine an effective energy fluence threshold as a function of Ep^ak- 
This is shown as the green dashed line in Figure [TTb . We see that this threshold line does 
a reasonable job of bounding the Epeak - fluence distribution from above. Our empirical 
en ergy depend ent threshold does not show a flattening above ~ 200 keV as do the plots 



m 



Band! (120061 ) - such a flattening would lead to a steepening of the dashed green line in 
Figure [TTb . moving it away from our burst distribution. We note that several short bursts 
are detected above this threshold; since all of the fluence is found within a very short time 
period, short bursts have very different photon to energy fluence ratios and can be detected 
at lower energy fluence levels. 

The last step is to translate the observer frame threshold to Ep^ak — Ei^o space. Since 
the transformation depends on redshift, we have indicated the equivalent threshold as green 
hashed regions in Figures [9] and [T0| where the different traces are for different redshift values. 
What is seen is that the instrumental selection effect does not cut sharply into the distribution 
of detected bursts: all bursts save one (GRB 07031S) are ~ 2 or more times brighter than 
the threshold. However the threshold effect would preclude us from seeing bursts more than 
a factor of 2 fainter than those that are detected. Also bursts near threshold may be rare and 
may start to be detected with further observations. Thus we conclude that for the current 
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study, detector selection effects are not likely to have a strong inffuence on the distribution of 
detected bursts in Epeak — Eiso space; however the threshold is near enough to the distribution 
that it may prove important with an expanded data set. 

We also examined whether the shift of the Epeak ^ Eiso line toward higher is a red- 
shift effect, since Swif t is sampling from a higher redshift distrib ution tha n earlier samples 
( Jakobsson et al. Such evolution was suggested 

byQfioO^L 

althoughlGhirlanda et al.l 

( 2008 ) do not confirm the Li ( 2007 ) result. Consistent with Ichirlanda et ah ( 2008 ). we do 
not see any bias with regard to redshift (see Figure [T2D and no sign of evolution of the slope 
or the intercept of the Epeak - Eiso relationship with redshift (Figure [T3|) . We also fitted the 
entire set of published Swift Epeak and Eiso values, and find a result consistent with that for 
our sample, Epeak = (164 ± 13)i?°,'^^^°'°^. The basic result is that when all bursts are taken 
into account, a clear Epeak - Eiso relationship still holds, but the scatter in the distribution 
is wider than has been previously reported. This makes it particularly difficult to use this 
relationship to determine pseudo-redshifts, given only the Epeak of the burst. 



4.1.3. Outliers to the relation 

There is one peculiar outlier in the BAT /WAM long GRB sample that is not included in 
the fit. This point, red at the upper left of Figure O is GRB 060505 (Yamaoka et al. 2009b, 
in preparation). This subluminous GRB triggered WAM and passed the first rate trigger 
stage in the BAT, but it was too weak to trigger the BAT onboard burst response. However 
since the burst duration was only 4 seconds, the 10 seconds of event data (collected for such 
"failed" triggers) allowed us to derive a BAT position and spectrum. It is possible that this 
GRB is similar to another subluminous event, GRB 980425/SN 1998bw, which is located to 
the far left of Figure M at Epeak = 55 keV, Eiso = 10^^ erg. Like GRB 980425, GRB 060505 
is relatively nearby {z = 0.0894), but unlike the earlier burst, no supernova has been found 
associated with the burst. In order to shift GRB 060505 and GRB 980425 to the right on the 
plot until they reached the red fit line, we need to multiply Eiso for each burst by a factor of 
^ 1000. A06 also mention a third possible member of this class, GRB 031203, also nearby 
{z = 0.105) and also inconsistent with the main relati onship, although they note that there 



is particularly large uncertainty in Epeak for this burst. iGhisellini et al.l (120061 ) point out that 
another nearby {z = 0.033) event associated with a supernova, GRB 060218, is consistent 
with the Epeak — Eiso relation. They go on to show that strong spectral evolution in the 
other outliers may have meant that Epeak could have been much lower and Eiso somewhat 
larger than what was measured, meaning that these bursts might not be outliers. Although 
more such bursts will need to be studied to verify this, it is possible that GRBs 060505 and 



- 21 - 



980425 are examples of a separate class of underluminous GRBs with Ep^ak values within the 
range of " normal" long bursts, but isotropic energy values three orders of magnitude lower 
than would be expected from the main Ep^ak — Ei^o relation. 

As has been seen by previous authors (e.g. A06), short GRBs do not follow the Ep^ak — 
Eiso relation and lie outside the main distribution in the direction of lower Eiso for a given 
Epeak- If we include GRB 050709 from A06, we can make a tentative fit to the short burst 
distribution, deriving a fit to Ep^ak = (1429 ± 238)E°-f but this fit is heavily weighted 
by this single burst, while all other short bursts are in a broad cluster for which no correlation 
is found. And even with GRB 050709 we calculate a correlation factor of only p = 0.24. 
Thus we cannot claim that there is any significant Epeak — Eiso relation for short GRBs. 



Another important relation was discovered by lYonetoku et al.l (120041 ). who found a good 
correlation between the time-integrated burst Ep^ak and the luminosity in the brightest one 
second of the burst, Liso- We do not examine this relationship in the current work, but given 
its importance, we will investigate it in a later paper. 



4.2. Other correlations from this work 

Since we have fits to a great number of individual burst pulses we can compare Ep^ak and 
Eiso for individual burst pulses. This result is shown in Figure [TH The best fit to this 
sample is Epeak = (306 ± ll)^'^:^^^'''^^, which is shown by the solid red line in Figure [HI 
On the whole this distribution shows a tighter correlation (and less sample variance) than 
does the time-integrated sample (see Table [7]), indicating that the Ep^ak — Eiso relation is 
intrinsic to burst pulses. The slope of this fit (0.45) is consistent with the slope of the fits 
to the full burst samples, telling us that the full burst Epeak — Eiso relation arises from a 
superposition of burst pulses, each of which fit the relation. The offset of this distribution 
from the time-integrated fit is easily understood. Burst pulses have a distribution of Epeak 
values similar to time integrated Epeak values (see Figure Ht and Table [HD, but since the 
durations of pulses are shorter there is less integrated flux in a pulse. Because a total burst 
is made up of a compilation of pulses, each with its own point on the Epeak — Eiso plot, it 
is not surprising that the time integrated distribution has a larger intrinsic scatter. This 
shows that the total burst Epeak ~ Eiso relation is a consequence of the relation holding for 



individual burst pulses. Using a different relation, iFirmani et al.l (120091 ) also find that burst 
pulses follow the same correlations as full bursts. 

It is interesting to ask whether there is any time evolution of the Epeak — Eiso relation 
within bursts. To study this we divided the burst pulses into three bins according to when 
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they occurred within the burst. The total duration of each burst (Tioo) was divided into 
quarters and the mid time of each pulse was placed into one of three time bins according 
to whether it was in the first quarter of the burst, the second quarter of the burst or the 
second half of the burst. The results are shown in Figure [T5] where pulses are colored or 
shaded according to their time bin. There is scatter in all distributions, but we can see some 
differences in the distributions. The earlier sequences (red) have a higher Epeak distribution 
and tend to be clustered in a region of high Eiso- As line 10 in Table [7] shows, the correlation 
between Ep^ak and Eiso is somewhat poorer for this group. The fits to all three groups 
have roughly the same slope and the first two sequences have the same intercept to within 
error. Comparing the 2nd quarter and 2nd half sequences, we see a drop in the line intercept 
showing that Epeak falls (successive peaks soften) while Eiso covers the same range in the two 
groups. This result suggests that along with the well-known softening of bursts with time 
that the Ep^ak — Eiso relation for burst sequences also evolves with time, with less correlation 
early in the burst and more later on. As for the time-integrated sample, short burst pulses 
are outliers to the overall relationship. There are not enough short burst pulses to be able 
to say whether or not there is any correlation in this sample. 

Since we see a correlation in the source frame, it is important to ask whether a similar 
correlation exists in the observer frame. When the redshift is known, transforming -E^g^^ to 
^p°eak^ is effected by simply multiplying -Epg*^ by {1 + z). The transformation from observed 
flux to isotropic flux is given in ^ There is a factor of {1 + z) in the denominator, but 
since the luminosity distance L is directly proportional to redshift, the net effect is that 
Eiso ~ ^ * -F(obs). Thus to first order both Ep^ak and E^so should scale from observer frame 
quantities by a similar factor of z. 

Therefore in the absence of evolution with redshift we would expect to see a correlation 
between E^^l^^ and measured fiuence. This relationship is plotted in Figure [TTb for fiuence in 
the 1-10000 keV (extrapolated) band. The fiuence was calculated by fitting the the data to a 
Band model, allowing the total area under the curve between the low and high energy bounds 
to be a free parameter. Bursts with and without known redshift are distinguished by color 
(red and black points, respectively) and we see no systematic bias between these two data 
sets, telling us that bursts with redshifts sample well the total distribution of bursts. Since 
the transformation of the ensemble of non-redshift bursts to the source frame should be same 
as for redshift-detected bursts, we conclude that almost all of the data points, both with 
and without redshift can be made consistent with the source frame Epeak — Eiso relationship 
at some reas onable redshift. This is in sharp contrast to the result found for the BATSE 



data sample (IBand fc Preecell2005l . K06) in which it was determined that a large fraction of 



bursts were inconsistent with the relationship in the observer frame. 
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We can use Figure [TTb to understand this result and compare it to those of other 
authors. The two sohd black lines on Figure [TTb are placed to repres e nt th e envelope of 
points in the -Epeafc ^ fluence plane shown in Figure 4 in iGhirlanda et al.l (120081 ) . Comparing 
to these lines (which are approximate) we see only one outlier in the bottom right (low 
Epeak, high fluence), but a number of outliers in the upper left (high Ep^ak, low fluence), 
which are, however, below our estimated instrumental threshold. These outliers correspond 
to t he points above and to t he left of the niain d istribution in Figure [TOl This is the region 
that IGhirlanda et al.l (120081 ): iButler et al.l (120071 ) and others have discussed as being due to 
in strumental threshold ef fects. And in fact this is a region that is excluded in the arguments 
of IGhirlanda et al.l (120081 ) for Swift alone, because Swift/BAT alone cannot determine Ep^ak 
in this region. However, by including an instrument with a much broader energy range, 
we can extend the threshold into regions that have not been previously explored - not by 
Swift alone because of its narrow energy range and not by other experiments because of their 
relatively poorer sensitivity. The relative sparseness of this region for other instruments is 
understandable: Swift is more likely to trigger on bursts with higher fluence and lower Epeak- 

The correlation in the observer frame is not as strong as it is in the source frame. 
The correlation coefficient in the source frame is only p = 0.41, compared to p = 0.74 in the 
observer frame. Also the intrinsic scatter in the data is higher, a°^^ = 0.31 and cr^°"^^^ = 0.27. 
The result that the Epeak ^ fluence relationship becomes narrower when transformed into the 
source frame Epeak— Eiso relationship is consistent with the source frame relationship having a 
physical basis and not just arising as a refle ction of an artificial observer frame relationship. 
Recently iButler. Kocevski fc Bloom! (120091 ) have developed tests for determining whether 
selection effects significantly affect apparent GRB correlations. We will study and apply 
these tests in a later paper. 



5. Summary and Discussion 



We present here a complete set of time-integrated and time-resolved spectral fits for the 
prompt emission for a set of 91 bursts, 35 of which have measured redshifts. This provides 
a very useful addition to the Swift/B AT catalog (S08), an expansio n of previous compi- 
lations of bursts for which both Epeak and redshift are known ( A06: ICabrera et al.l l2007l : 
Campana et~all l2007h. and a comp anion to the CGRO/BATSE JPreece et al.l I2OO0I . K06) 
and HETE-2 (jPelangeon et al.ll2008l ) spectral catalogs. This work shows the power and util- 
ity of joint fits with Swift/BAT and other instruments with larger energy ranges and we hope 
that this work will give guidance to future joint fits efforts, such as between Swift/BAT and 
Ferrm/ GBM and LAT. 
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It is also important to compare our results with those from these other missions. We first 
compare our Ep^ak distribution with that of BATSE (K06; see Figure [8]). We find that, while 
our distribution has wider tails, the median values of Ep^ak for BATSE (2651^^^ keV) and 
BAT/WAM (29lt^^g keV) are the same to within error. The comparisons of other spectral 
parameters are similarly within error of each other (see §3.5p . As do K06, we do not see any 
clustering in the low-energy power law index at any values other than ~ 1. We also make 
a direct comparison between our derived values of Ep^ak and those from the WIND/Konus 
experiment (Figure [7]) and see that the two sets of values agree to within errors. 

We are able to show that an Epeak — Eiso relationship holds for most long GRBs The 
slope of the fit to our data matches that derived by other authors such as A06, even though 
we probe a burst distribution with a higher range of -Epeafe values than have previously been 
studied. With the addition of our bursts, there are now a total of 58 Swift long bursts and 
91 total long bursts for which both Ep^ak and redshift are known. We have now shown that 
the correlation between Epeak and Eiso holds for a large sample (~ 100) bursts observed by 
six different experiments and that while the region of Epeak — Eiso space explored is different 
for different experiments, the degree of correlation and the slope of the relationship holds 
constant. We are able to confirm that the Ep^ak — Eiso relation holds not just for entire bursts 
but for statistically separable sub-intervals (sequences) within bursts as well and in fact we 
find the same slope, m = 0.45 ± 0.02 for sequences as for whole bursts. While a full study 
of possible evolution of the relationships is beyond the scope of this paper we see no sign 
(Figures [121 [IS]) that that the relationships depend on burst redshift. Although we show a 
clear correlation between Ep^ak and Eiso, the large scatter in the distribution makes any use 
of this relationship to determine a pseudo-redshift problematic. 

As has been seen before, short GRBs are outliers to the Ep^ak — Eiso relationship with 
a large scatter and very poor correlation. All short bursts lie in the part of the Ep^ak ~ Eiso 
plane at high Ep^ak and relatively low E^so- This is consistent with the observations that 
short bursts are sub-luminous with respect to long bursts and a further indication that 
short bursts form a physically distinct population. Also we see that sub-energetic bursts 
(GRB 060505 in this sample and GRB 980425/SN 1998bw in the A06 sample) also form a 
separate population from the long burst population, though it is of course not possible to 
constrain a correlation with only two data points. 

Our sample does not contain any X-Ray Flashes, because such bursts would be too weak 
in the WAM energy range to be detected by WAM. Also, too few S wift bursts have solid jet 



breaks for us to comment on coUimation-corrected relationships (e.g. iGhirlanda. Ghisellini fc Lazzati 



(120041 )) that involve the jet opening angle. 



We find a weak correlation with a great deal of scatter between Epeak in the observer 
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frame and observer frame fluence F. The correlation becomes much narrower when working 
in the source frame which supports but does not prove that the source frame correlation has 
a physical origin and is not just a reflection of a narrow observer frame correlation. When 
we compare bursts with redshifts to bursts without (Figure [TTb ) we see that non-redshift 
bursts are interspersed with redshift bursts, hence all of the BAT/WAM bursts are in a 
region of Epeak — F space to be consistent with the Ep^ak — Eiso relation, further supporting 
the interpretation that the relationship is real and not an artifact of a selection effect. 

The large, homogeneous sample of bursts presented here gives us an unbiased picture 
of the energetic properties of bursts detected by Swift. The addition of spectral information 
from Suzaku/WAM allows full fits to be made to nearly all of the bursts, and we show that 
this sample is consistent spectrally with the much larger set of BATSE bursts (K06). Since so 
many Swift bursts have measured redshifts, we are also able to confirm that one of the most 
important empirical relationships of GRB prompt emission, the correlation between Epeak 
and Eiso, holds for our sample. We have shown the validity and importance of combining 
Swift/BAT data with data from another experiment. Since all instruments involved are still 
functioning, in future years it will be possible to expand the BAT-WAM catalog, and carry 
out similar joint fits between Swift/BAT and WIND/Koims and Fermi/ GBM. 
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Guidorzi about using the log likelihood function for our fits. We also thank the anonymous 
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Table 1. General Properties of BAT/WAM bursts 
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-17.81 - 131.19 (si) 




total 


070419B 


236.4 




276212 


untrig 


01* 


-11.89 - 315.11 (si) 


-11.89 - 115.11 (si) 


seql-4 


070508 


20.9 


0.8200^2 


278854 


0638 


12 


-13.93 - 33.07 (si) 




total 


070520B 


65.8 




279898 


untrig 





-14.52 - 97.48 (si) 


-14.52 - 35.48 


seql 
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Table 1 — Continued 



GRB 


790 (s)" 




BAT trigger 


WAM trigger 


WAM dets 


Total interval 


Segment interval 


Segment 


UTUozy 


109.2 


z.4yyD 


zoU / Uo 


untrig 


3 


A 'TQ 101 O'? f'ril\ 

-U. 10— IZl.Z I (sij 


n 'zQ 00 OT 
-U. (0 — 22. Z i 


seql 


U/UOoi 


A A K 
44. 




zoUyoo 


untrig 


ni 
Ul 


1 ni A^ nn 

-i.yi — 40. uy 


1 01 "7 no 

-i.yi — i .uy 


seql 


U/UOizA 


OOO.O 


n fti '7n24 
U.Dl ( U 


zozUDD 


Uu /U 


ni 
Ul 


A ACl /II'TKI 

-4.4y — 41 / .01 


A An Qft ni 
-4.4y — OD.Ul 


seql-2 


UTUoizrS 


13.5 




ZozUTo 


untrig 


2 


1 c on n '71 

-15. zy — y.7i 




total 


rx'TCiii 1 ^; 
U( uoio 


/I no A 




zcSz440 


UD { 4 


U 


-z.OO — DUz.40 (SL) 


1 '7Q nc ^lr'^\ 
-Z.OO — Iro.yo [si) 


seql-4 




ooU.U 




ZOO ( yi 


UDyi 


U 


^'7 AQ AO 

-0 / .Oc5 — 4o.4z 


K'7 no 1 r; 
-O/.Uo 10.00 


seql-2 


riTriTi /I'D 


d4.U (oj 


n nonn27 


00 /I CTi^ 

Z54500 


0700 


03 


n 010 
-U.oo — z.iz 




total 


U / UoUo 


QO n28 




zo ( zdU 


U ( zo 


1 
iz 


n fii fic; Qo 
-U.Di — Do.oy [si) 


n fii 1 QO 
-U.Dl — 10. oy 


prcslcw 


riTrini i 
U / uyii 


IDZ.U 




zyUDz4 


n'Tc^c 
U ( 00 


ZO^ 


fio f;o 1 tro /I Q /'ci^ 
-Dy.oz — ioo.4o l^SlJ 


an Ko '7Q AQ 
-Dy.oz — { o.4o 


prcslcw 


U /Uyio 


o n30 
O.Z 






untrig 


nQc 
Uo 


1 Ad 1 
-1.4o — 1.04 




total 


UTUyiT 


7 q31 




oni ono 
zyizyz 


0759 


23^ 


n ni 1 1 ni 
U.Ul — 11. Ul 




total 


UTUyzo 


n 1 32 




zyzUU4 


untrig 





n nQ n /I '7 
-U.Uo — U.47 




total 


U / iUUo 


1 r;n n33 
iOU.U 


1 1 nnn34 
i.iUUU 


zyzyo4 


U/ /U 


iz 


T OQ 1 fi'7 W fc^\ 

- 1 .zo — lb / . ( / i^si ) 


T OQ An T? 

- ( .Zo — 4U. / t 


preslew 


U ( lUlUri 


QK '735 




zyo ( yo 


n'7'7'7 


ni 
Ui 


Qfi ni OQ on 
-00. Ul — zo. yy 




total 


HTI 1 1 OT? 


n q37 
U.o 




zyooUo 


untrig 


03 


n i^o n QO 
-U.DZ — U.OO 




total 


U / iz.^ / 


1 ft38/'c\ 


n QQQn39 


onn'7C'7 
zyy r ( 


r\QAQ 

UcS4cS 


Q 


n 1 1 TT 
U.l 1 — 1.1 1 




total 


UoUizo 


115.0^^ 




oUloTo 


0875 





n nn 1 00 nn 
U.UU — Izz.UU 




total 


nonoi Q A 
Uc5Uzic5A 


Z / .D 




oUoDUy 


untrig 


U 


1 Ko 1 n y1 Q 
-Iz.Oz — iy.4o 




total 


UoUoUo 


n42 
O / .U 




v5U404y 


untrig 


1 
iz 


n 1 n '70 Qi ^lr<^\ 

-u.iy — / z.oi [Si ) 




total 




Q/1 n43 
o4.U 


1 oc;nn44 

i.youu 


v3UD ( 1 


noon 
uyzu 


OQ 

zo 


n c;i Afi 
-U.04 — 01. 4D 




toxai 


{JovoZo 


on fi45 




oU ( yvSl 


uyz ( 


OQ 
ZO 


"yfi 1 1 T O/l frr,} \ 

-Z. /D — 11 /.Z4 [si) 


'7fi I'? OA 

-Z. i D — 1 / .z4 


preslew 


UoU4Uy 


OA o46 




QriQ0 1 

oUoolz 


untrig 


nif 
Ul 


1 ni in nn 
-Iz.yl — lU.Uy 




total 


r\Qr\Ai Q A 
UoU4ioA 


40. U 


/iQQn48 


oUyUyD 


untrig 


1 


n an cn q/I 
-U.DD — 0U.O4 


-U.DO — z4.o4 [Si) 


seql-2 


U?SU4ioJj 


o.U 


1 1 nnnSO 
1. lUUU 


QHQI 1 1 

oUyili 


untrig 


ni 
Ui 


1 QQ 11 11 

-i.oy — 11.11 




total 


UttUoUO 


on n51 
zU.U 


1 RQnQ52 

i.Doy<5 


oiozyy 


untrig 


1 OK 

iz^ 


K QI Qn 1 /ir<}\ 

-O.ol — oU.ly [si) 




total 


UoUDzo 


1 r o53 




oloUoU 


untrig 



z 


1 C^T 1 fi /I Q 




total 


UoU rUi 


18.0'"*'* 




315615 


untrig 


03 


CZ 1 Q 

-Z.O( — zo.lo 




total 


UoU (U ( 




1 OQnn56 


oiDzU4 


untrig 


Q 


nn Q7 nn /^^I'l 
-z.UU — ( .UU (si j 




total 


UOU I I Kj 


79757 




318170 


1026 


3 


-Z .OU XXU.l-t VOiJ 




tutai 


080805 


78.0^® 


1.5050^^ 


319036 


untrig 


2 


-3.90- 136.10 (si) 




total 


080905A 


I.06O 




323870 


1053 


2 


-0.40 - 1.10 




total 


080916A 


60.0^1 


0.6890^2 


324895 


1059 


23 


-2.90 -89.10 (si) 


-2.90 - 22.10 (si) 


seql-2 


081008 


185.5^3 


1.9685^^ 


331093 


untrig 


1 


-65.69 - 201.31 (si) 




total 


081022 


160.0^^ 




332399 


untrig 





-9.23 - 207.77 




total 


081025 


23.0^^ 




untrig 


1087 


3 


54.71 - 79.71 (sl)^ 




total 


081109A 


190.0^"^ 




334112 


untrig 





-15.27- 29.73 (si) 


-15.27 - 29.73 (si) 


seq2 


090113 


9.168 




339852 


untrig 


3 


-1.28 - 9.72 




total 


090123 


131.0^9 




340895 


untrig 


3 


-50.07- 117.93 (si) 




total 


090301A 


41.0^0 




344582 


1182 


03 


-17.28 - 60.72 




total 


090305 


0.4^1 




345127 


untrig 


2 


-0.21 - 0.79 




total 


090401A 


112.0^2 




348128 


untrig 


03 


90.13 - 131.13 




total 


090401B 


183.0^3 




348152 


1205 





0.13 - 39.13 (si) 




total 


090410 


165.0^^ 




348929 


1215 


01 


-49.48 - 139.52 




total 


090418B 


65.0^5 




untrig 


untrig 


23 


5.96 - 112.96 (sl)*^ 




total 


090424 


48.0^6 


0.5440^7 


350311 


1229 


12 


-0.62 - 15.88 (si) 




total 
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Note. — Tgo: Unless otherwise noted, all Tgo values are from SOS. A letter "(S)" in this column indicates a short burst. WAM dets: 
The identifier of the WAM detector or pair of detectors in which the burst was detected; cases where only one of a pair was used in the 
fits are noted. Total interval and Segment interval: Times are with respect to the Swift/3AT trigger time. A symbol " (si)" in this column 
indicates that the time interval included all or part of a spacecraft slew maneuver. Segment: This column indicates the portion of the 
burst used for the time-integrated spectral fit. 

''Values of T90 are from SOS unless otherwise indicated with a superscript and listed below. 

'^References for this column are given as superscripts and listed below. 

"^Only WAM side used for fits 

''bat triggered on a precursor to the main burst. Analysis was done using BAT survey ("dph") data. 
''Only WAM side 3 used for fits 
fQnly WAM side 1 used for fits 
EOnly WAM side 2 used for fits 

''This burst did not trigger BAT, but was discovered as part of the BAT slew survey. For this burst Tq is the start of the spacecraft 
slew. 
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Table 2. Time-integrated spectral parameters of BAT/WAM bursts 



GRB 


a 






EpeaklkeV] 


£i^o[1052 era] 


WAM A norm 


WAM B norm 


xVd-o.f. 


Model 


UoU9U4 


— 1.36 ± 


0.06 








l.Ob ± U.3U 


1 nK+0.21 
1.05Io.l7 


"11'7r'A / OA 

117.50/ 89 


PL 




— 1.13 ± 


0.12 




on /i ~|~312 

3241 log 




1.54 ± 0.43 


1 qO-H0.30 

1.00_o.26 


AI '70 / 00 

yi.7o/ 80 


CPL * 




—1 11-1- 
— J.. ± J. in 


u.zu 


_1 QQ+0.32 

— i.yy_5 23 


984+2™ 




, C7-I-O.66 
l-^'-0.48 


1 4n+0.38 
l-^U-0.27 


QQ OA/ S7 




050915B 


—1.91 ± 


0.07 








0.52 it 0.16 




79.04/ 73 


PL * 




— 1.51 it 


0.33 




r;Q+47 

oy_g 




"•°1-0.31 




7A "^^Z 79 


CPL 




— 1.21 ± 


0.57 


-2 20+°-^i 

^•^"-0.53 


49 it 11 




n fiQ+0'33 
U.Dy_,j 28 




(SS QS/ 71 


Band 


n 1 AHQ 
UoiUUo 


— 1.04 it 


0.05 








1 riQ J_ A r\'7 


1 ni J_ A A'7 

l.Ul ± U.U7 


1 OA '/T / 1 AQ 

129. 1 ( / lUo 






1 ni -t- 


U.UD 


9 Q~-|-0.26 


'1^-88 




j-.u < m u.u 1 


l.Ul zt u.u 1 


1 9"^ fi^ /I n7 

IZO.UO / lU / 


-Dana 


051111 


—1.37 it 


0.04 








n _|_ n 1 


58+°-°® 
U-00_o.07 


1 1 fl 7Q / 87 


PL 




—1.23 it 


0.07 




J-91-H273 




U.OO ± u.lo 


n -1+0.10 
0.71_o.o9 


OQ 1 / Q^; 
00.17/ 00 






— 1.22 it 


0.15 


n in+0-43 
-2.101790 


^47-H329 
*^'-280 


1 rt T A 1 or* 


n 0-7+0.26 

0.87_o_2i 


n -q+0.20 
O.73I0.11 


00 AT / C 

o2.97/ 00 


Band 


n 1 001 A 
UoizzlA 


— 1.38 it 


0.05 








r\ An _L AID 


n Kn+0.09 
0.50_o 07 


OAI A1 / OA 

2U1.U1/ o9 


OT 

r^lj 




—1.07 it 


0.09 




+ 1-7 

381-93 




0.60 ± 0.16 


n ^?o+0.11 

0.68+0.10 


103.91/ 88 


CPL 




— u.yo m 


n 1 


— ^.Ud_0 35 


/«_77 


u.oo ZL u.uy 


n Rfi -1- n 90 

U.UO ZL u.^u 


---HO. 15 
'-0.12 


QA 7R / S7 


DelllU 


060105 


— 1.14 it 


0.03 








0.29 zb 0.06 




137.23/ 73 


PL 




1 no -i- 


U.UD 




fific;+380 
b65_2ig 




n fifi + A 1 
u.oD it u.iy 




fi9 Q9 / 79 
DZ.vjZ/ (Z 


nPT * 




—0.97 ± 


0.08 


9 1 O+0.31 
^•^•5_i.og 


.-(.+278 




rt r\ A 1 A OA 

0.94 ± 0.20 




Cr AO / "71 

58.98/ 71 


Band 


060111A 


-1.68 ± 


0.06 








0.74 ± 0.18 


/-I rn+0.13 

0-59Io.i2 


116.38/ 87 


PL 




— 1.35 it 


0.19 




1 r\n"l~56 
109-25 




-, -,.+0.39 

l-l'l-().34 


n Q--H0.31 
^•'''-0.23 


AO 01 / OC 

92.21/ 8b 


CPL 




—0.63 it 


0.47 


n on-l-0.24 

9 

^•^y_0.32 


62 it 11 




1 Qfi + 0.48 


1 10+0.37 
l-12Io.28 


75.39/ 85 


Band * 


060111B 


-1.39 ± 


0.11 








+0.45 

i.t>U_Q 3g 




112.68/ 72 


PL 




—0.90 ± 


0.21 




503Ii24 




1-^1-0.28 




85.74/ 71 


CPL * 




—0.88 i 


0.16 


9 Qc-l-0.59 
^••30_7.6B 






1-21-0.28 




c; un / 'J A 
00. oU/ IV 


Band 


060117 


— 1.67 it 


0.03 




92 it 5 




0.99 it 0.05 


0.87 it 0.04 


170.50/108 


CPL 




—1.52 it 


0.06 


—2.53 ± 0.07 


■71 -1-6 




1.13 ± 0.07 


1.00 ± 0.05 


1 OF" /-* A /I OT 

125.64/107 


Band * 


UOUlz4 


— 1.74 ± 


0.04 








Q Cil _L A c: 1 

o.yi ± U.oi 


o QC+0.48 
•J-yD_Q 4Q 


IA/I 00 / /1Q 

104.82/ 4o 






— 1.52 di 


0.07 




265Igg 




A OA 1 A cr 1 

4.ZU zh U.oi 


A OA 1 r\ AT 

4.29 ± 0.47 


A ^ r\ A 1 /1 

4o.y4/ 42 


CPL * 




— 1.52 ± 


0.07 


-2.76+724 


nco-t-92 

253Igi 


35.99 ± 4.57 


4.21 ± 0.52 


/( 01 +0.50 


43..10/ 41 


Band 


UOUZU^D 


1 'iQ 4- 
— 1 .oy ic 


n fid 

U.UD 








u.uy ziz u.±o 




iyi.OO/ (Z 


PT 




—1.22 it 


0.14 




+390 
3211^37 




Q-+0.26 
'-'•^^-0.22 




84.04/ 71 


CPL 




— U.44 ± 


U.yo 


— i.oU it u.zy 


»d_2g 




1 1 CC + A 
i.iO Zt U.OO 




Do./y/ (U 


-Ron/-! * 

oana 




— 1.44 ± 


0.07 








A r:c; + A 04 




QfS 10/ 87 


PL 




-1.16 ± 


0.19 




191 + 150 




1 34+0.70 




76.57/ 86 


CPL * 




-1.18 it 


0.18 




207tif 


44.17 it 12.92 


1.30 ±0.42 




76.66/ 85 


Band 


060306 


-1.82 it 


0.09 








, -Q-l-0.52 
J^- 'y_0.47 


1 f;o+0.39 
l.DO_o 31 


78.67/ 87 


PL 




-1.60 ± 


0.14 




144tlf 




9 97+0.67 
^■^ ' -0.61 


1 07+0.46 
l-«'-0.37 


64.00/ 86 


CPL * 




-0.87 ± 


0.98 


f) i^Q-|-0.22 
— Z.ZO_o_28 


56 it 15 




9 09+1-17 
^■^^-1.00 




59.55/ 85 


Band 


060421 


-1.62 ± 


0.07 








0.73 ± 0.14 


o.56i;j:i? 


99.85/ 88 


PL 




-1.34 it 


0.14 




165l|2 




0.96 it 0.19 




73.12/ 87 


CPL * 




-1.15 it 


0.32 


fj fjQ-|-0.26 


1091J" 




1.07 it 0.25 


Ql+0-26 
^•^1-0.22 


71.97/ 86 


Band 


060501 


-1.48 ± 


0.10 








76+0-22 
1- "^-0.20 


fi7+0-l8 
^•O'_0.14 


112.99/ 87 


PL 




-1.04 ± 


0.18 




246t^l« 






0.76lO;« 


79.10/ 86 


CPL * 




-0.92 ± 


0.35 


9 9,-1-0.32 


184lif 






0.84t°;|° 


77.41/ 85 


Band 


060502A 


-1.46 it 


0.07 








0.66 ± 0.16 




87.76/ 72 


PL 




-1.29 it 


0.16 




282tt^I 




0.89l°:g 




77.68/ 71 


CPL * 




-1.19 it 


0.41 




302i«J 


4.82 it 2.78 


i-oot°:^§ 




77.84/ 70 


Band 
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Table 2 — Continued 



GRB 


a 






Epeak[keV] 


Eiso[1052 erg] 


WAM A norm 


WAM B norm 


X^/d.o.f. 


Model 




—1.72 it 


0.13 










1 56+°*'l 


1 60+°®2 


Q9 ^^1 / QO 


PL 




— 1.23 i 


0.33 




440+482 
*^'^-154 






n qq+"-44 


1 05+0-55 




CPL * 




-1.19 ± 


0.37 


-2 39+2-5? 


397+fiS 

—185 


0.006 it 


0.003 




-^-^^ — 0.34 


82.42/ 88 


Band 




—1.09 ± 


0.17 










83+°-^'* 


1 21+°-^'l 


125 85/ 87 


PL 




—0.44 ± 


0.32 




657+i?? 

"'^ ' —211 






77+211 

^- ' ' —0.39 


88+2-o= 

u.oo_Q 28 


104.18/ 86 


CPL * 




— 0.44 zb 


0.31 


-2 87+i-f i 


642i5^'^f 


0.33 it 


0.22 


77+211 


88+21-^ 


104.18/ 85 


Band 




—0.96 ± 


0.04 




iiiJi? _1_ -LO 


_ 




1 DQ + n 05 




114 fi4 / 1 nq 


CPL 




-0.94 ± 


0.04 


-2 

^- *J_o.38 


245 it 15 






1.11 it 0.05 


0.99 ± 0.05 


103.06/108 


Band * 


060814 


-1.60 ± 


0.03 










0.96 it 0.13 


0.94+°°^ 

— 0.06 


92.87/ 89 


PL 




—1.51 ± 


0.05 




595+"*^ 






1 06 + 1 5 


1 01 + 08 


66 65 / 86 


CPL * 




—1.45 ± 


0.18 


_i Hc; -U 1 1 

— X.OO ^ U.J-X 




13.39 it 


2.04 


, -14+0.24 
J^-J^^-0.18 


1 08+°- 1® 


f,d HQ/ 


Band 


060825 


—1.73 ± 


0.07 










0.45 it 0.15 




83.18/ 72 


PL 






0.35 




-9+47 
'''-ll 






1 02+°-''2 

^•'-'^-0.58 




76 30/ 71 


CPL 




—0.63 it 


0.88 


-2 02+°-l'' 




_ 




n 65+°-3i 

U.DO_Q 26 




(^7 9'^ / 70 


Band * 


r\fif\Qf\A A 


1 fi9 -t- 
— l.DZ HI 








_ 




n 70 + n 1 4 


f, 74+0.07 








-1.55 it 


0.06 




565+??2 

^^^—250 






0.81 it 0.17 


0.81+°i° 

— 0.09 


74.11/ 88 


CPL * 




-1.44 it 


0.15 


-1.89+°i? 

0.47 


207+?P 

—85 






0.96+°i? 


0.95+°?l 

—0.18 


70.05/ 87 


Band 


UDUyU4JD 


— i.oD in 


U.Uo 






_ 




cfi+O.lQ 




/4.40/ ( v5 


PT 

r L 




—1.16 it 


0.16 




331+??! 






92+2-2^ 

"•="•^—0.30 




62 62/ 72 


CPL * 




-0.61 it 


0.67 


-1.78+°-?5 

' "—0.37 


103+^^ 


0.72 it 


0.43 


1.08+°1? 

—0.42 




57.24/ 71 


Band 


060908 


—1.39 it 


0.06 










0.32 it 0.09 




73.11/ 72 


PL 




-1.05 it 


0.22 




163+l,f 
^^—47 






0.71+°-2? 

^ ' —0.27 




54.62/ 71 


CPL * 




-0.89 ± 


0.32 


-2.24+°-68 

— 7.76 


124+n 

—38 


10.70 it 


5.94 


0.77 ±0.32 




52.00/ 70 


Band 


UU-LUUU 


—1.10 it 


0.06 














fi3 29 / fiR 


PL 




—0.97 it 


0.10 




1037+"*" 






1.11 lb 0.16 




51 49 / 67 


CPL * 




-0.95 it 


0.07 


-8.96+f«2 

— 1.04 


000+374 
— 207 


0.23 it 


0.06 


1.13 lb 0.15 




52.13/ 70 


Band 


061007 


—0.94 it 


0.03 




503 it 34 






1.28 lb 0.07 


1.25 ± 0.06 


72.64/109 


CPL 




—0.93 it 


0.03 


-2 59+°-^^ 


471 it 36 


104.65 ± 


: 6.94 


1 30 + 07 


1 27 + n 06 


59 35/108 


Band * 


061110B 


-1.14 it 


0.11 










1.12+°-« 

— 0.35 




137.38/ 72 


PL 




—0.46 it 


0.21 




428+142 

^^°-92 


- 




^•^"-0.26 




76 32 / 71 


CPL * 




-0.46 it 


0.21 


-4.24+^-35 

—5.76 


428 it 120 


9.56 it 


2.98 


1.10+°-30 

— 0.25 




76.30/ 70 


Band 


061202 


-1.55 it 


0.04 










0.82 it 0.22 


0.85+°i° 
— u.uy 


120.88/ 87 


PL 




-1.39 ± 


0.07 




303lif 






1 ip;+0.31 
^•^"^-0.23 


1 04+°- 1" 

-^■"^-0.13 


84.38/ 86 


CPL * 




-1.39 it 


0.06 


7 97+5.40 
'•^'-2.73 


193lgi2 






1 14+0.61 
^•^^-0.41 


1 04+°'ii 

^■"^-0.10 


84.38/ 85 


Band 


061210 


-1.24 it 


0.12 










1 qo+0-89 


-1 0-1 +0.89 
l-»l-0.57 


107.98/ 87 


PL 




-0.72 it 


0.20 




710+320 

'-'-°-203 






1 .:i+0.52 
-^•°^-0.46 


1 43+0.53 
-^■^•^-0.40 


72.21/ 86 


CPL * 




-0.48 it 


0.60 


1 71+0.20 
-^■'-^-1.16 




0.15 it 


0.08 


1 93+1-18 


1 85+1-1® 

1.00_g gg 


69.17/ 85 


Band 


061222A 


-1.44 it 


0.03 










1.05 it 0.15 




113.70/ 74 


PL 




-1.33 it 


0.05 




69ll«« 






1.37 + 0.18 




59.66/ 73 


CPL * 




-1.33 it 


0.05 


-9 21+19-21 


6881306 






1.37 + 0.18 




59.66/ 72 


Band 


070107 


-1.38 it 


0.05 










1 11+0.15 
-^■^^-0.13 




132.95/ 72 


PL 




-1.12 it 


0.08 




71Q+21S 

'-L»_143 






1.06 + 0.12 




71.66/ 71 


CPL * 




-1.12 it 


0.08 


_Q 9Q+7.28 
».^='_0.71 


719+216 

'-^^-143 






1.05 + 0.12 




71.66/ 70 


Band 


070318 


-1.56 it 


0.05 










1.16 + 0.19 


1 10+0. 19 
^•^■^-0.16 


96.89/ 87 


PL 




-1.37 it 


0.08 




*°^~132 






1.21 it 0.18 


1 9-1+0.19 
^•^^-0.16 


61.09/ 86 


CPL * 




-1.34 it 


0.27 


-2.15l?J« 


365 it 284 


1.45 it 


0.38 


1 9r:+0.38 


1.24 it 0.18 


60.57/ 85 


Band 



-37- 



Table 2 — Continued 



GRB 


a 




f3 




Ei,o[10^'^ erg] 


T T T A TV T A 

WAM A norm 


T T T A TV T T~l 

WAM B norm 


2 /J r 


Model 


07(1328 


—1.23 ± 


0.04 






_ 




1 02 -t 07 




69 97/ 82 


CPL * 




— 1.20 ± 


0.03 




1627+?S? 


_ 








71.35/ 81 


Band 


070419B 


-1.62 ± 


0.04 






_ 




0.83 it 0.11 




116.14/ 73 


PL 




-1.46 ± 


0.07 




264+!,i3 






1.08 it 0.15 




69.19/ 72 


CPL * 




-1.46 ± 


0.07 


_Q Q1+6.64 
—0.69 


264+"" 






1.08 it 0.15 




69.19/ 71 


Band 


0705118 


— 1.17 ± 


0.04 




238 lb 11 






93 -t 03 


1 27 + 07 


78 25/ 86 


CPL * 




1 17-1- 


OA 


o 4Q+0.58 


oocr 4-19 
ZOO in iz 


9.96 it 


0.59 


u.yo HZ u.uo 


-L .Z / ^ U.U / 


77 R7/ 




070520B 


-1.33 ± 


0.15 










1.18+!;-?? 

— 0.51 




90.58/ 73 


PL 




—0.92 ± 


0.30 




'*°-433 






92+"-''6 




78 97 / 72 


CPL * 




n 79 -t- 


U.O 1 


-i.C»_g 22 


QQQ-t-9538 
'J'J'J_241 










7Q 1 / 71 


-Ddnu 


070529 


— 1.41 ± 


0.16 










' ' -0.32 




75 9S / 72 


PL 




—0.95 ± 


0.31 




29Q+29S 






^•°'-'-0.31 




63 21 / 71 


CPL * 




—0.86 it 


0.64 


-2 14+°-** 


999-H304 
■'^^_135 


6.22 it 


3.47 


"•''1-0.43 




62 57/ 70 




U 1 UUO J- 


—1.25 it 


0.16 










U.OD_Q 28 




1 1 ^ 99 / R7 
X ±0. zz / ( 


PL 




— u.zo m 






1 41 +^'' 
141-30 


- 




1 1fi+0-61 
1-10-0.51 


l-UU„o 35 


87 A7 1 Sfi 


PPT * 




—0 23 zb 


0.73 


— 3 a7+l-'''8 


141+59 






1 14+''-'^'^ 
1-1+-0.59 


l-'J1-0.35 


87 /II / 85 


Band 


070612A 


— 1.56 ± 


0.07 










1 24+P-30 
^•^^-0.25 


±.uo_„ 20 


214.19/ 89 


PL 




n 70 4- 


n 1 s 

U. io 




914+'12 
^14-32 






1 07 4-010 
1 .u / III u. iy 


q'^+"-2l> 

u-y-^-o.iT 


Q1 18/ 88 


PPT * 




—0.62 it 


0.31 


9 t;c+0.40 


1 QQ 4- c;q 


1.14 it 


0.32 


1 19+0.34 
1-1^-0.28 


QQ+6-32 
u.a»_Q 21 


8Q '\Al 87 
oy .0^ / ( 


Band 


070616 


-1.48 it 


0.05 










0.56 it 0.11 




94.73/ 72 


PL 




111-1- 


n 1 4 




140+46 






119 + 9f^ 
1. ±Z It U.ZD 




Cf; 71 / 71 
00. 1 1/ 1 1 


PPT * 




1 19 4- 
— i. IZ It 


n 1 /t 

U. 14 


Q OJ--H19.35 

t>.00_Q gg 


1 4'?+43 






1 10+"-28 
l-l'J-0.25 




^P. 79 / 7n 
00. fz/ (U 


oana 


U / U / Ufi 


1 4- 


n OA 

VJ.U4 










n -1-0 19 




Qzl fi'i / 79 


PT 




1 A.'X 4- 
— l.^O HI 


U.U 1 




t-oo+1163 
Jo>-i-267 


— 




n no _|_ n 1 7 




87 94 / 71 


PPT 




—0.68 it 


0.47 


-1 78+2-1? 


82+?^ 
" — 22 






-^•^"-0.23 




64 73/ 70 
\_/ i .10/ 1 


Band * 


070714B 


-1.29 it 


0.05 










^—0.20 


1.19+2-?^ 

-^■■*-'^— 0.19 


130.49/ 89 


PL 




1 on 4- 
— ±.uu m 


n HQ 
u.uy 




19S'^+514 






n SQ -1- n 1 
u.oy m u. ±0 




71 H7 / SS 


PPT * 

O-T 1-1 




Q7 4- 


VJ.UU 


9 19-H0.42 
^■^^-7.88 


1 044+683 
1U44_342 


1.33 it 


0.34 


n Qi _i_ n 1 
u.y-L ^ u. 10 


1 01+0-18 
1-^1-0.12 


71 '^l / 87 
/ 1 .01/ / 




070808 


1 Afi 4- 


nil 










n QI -1- zii 


AQ+0-33 
U.D,i_f, 26 


QQ 94 / 87 


PL 




1 99 4- 

— ±.zz it 


n OK 
U.zo 




99^+449 






1 97+0.63 
l-^'-0.56 


-1 r|Q+0-65 
1-UC1_Q 44 


on Q1 / Qfi 

yu.oi/ 00 


PPT * 




f\ TCI 4_ 

— U.7b ± 


0.79 


9 na+0-41 


QQ+172 






1 Kn+0-88 


1 90+0. 83 


QO 77 / Q K 
00.77/ 00 


Band 


070911 


-1.68 it 


0.04 










80 it 11 




71.75/ 73 


PL 




-1.57± 


0.10 




949-H432 






0.98l°:?i 




64.47/ 72 


CPL * 




-1.39 it 


0.34 


1 OO-I-0.16 
-i.»»_0 52 








0.99l°:^t 




60.76/ 71 


Band 


070917 


-1.56 ± 


0.05 










0.87 ±0.16 




72.26/ 72 


PL 




-1.47 it 


0.09 




372^605 






1.14 it 0.27 




63.23/ 71 


CPL * 




-1.31 it 


0.20 


-1 95+°-25 








1.31 it 0.34 




61.19/ 70 


Band 


070923 


-1.52 it 


0.32 










1.2611:^1 




78.38/ 74 


PL 




-0.84 it 


0.68 




224l«l? 






1 19+1-23 
^•^^^-0.92 




71.74/ 73 


CPL * 




-0.86 ± 


0.59 


-9 26+^^-26 








1 18+l-°2 




71.74/ 72 


Band 


071003 


-1.38 it 


0.04 










1.30 it 0.16 




129.31/ 73 


PL 




-1.21 it 


0.05 




1222t«| 






1.34 it 0.14 




60.14/ 72 


CPL * 




-1.22 it 


0.04 




1307 it 381 


18.77 it 


3.29 


1 qO + 0.16 

l-^'J-0.12 




60.76/ 71 


Band 


071010B 


-2.02 it 


0.04 










0.77 + 0.16 


0.73 + 0.15 


76.95/ 87 


PL 




-1.76 it 


0.19 




47 ±9 






^ -^3+0.44 


1.06^0.24 


65.75/ 86 


CPL 




-1.34 it 


0.47 


-2 34+016 


45l^ 


2.55 it 


0.41 


1 n8+0-33 
i.U»_o 29 


1 oi+°-=^i 

l-"l-0.24 


50.46/ 85 


Band * 
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GRB 


a 




13 


EpeaklkeV] 


Bia<,[1052 erg] 


WAM A norm 


WAM B norm 


xVd-o.f. 


Model 


071112B 


-1.29 ± 


0.21 


- 


- 


_ 




0.96lJ:°| 


1 OR+l-03 


121.30/ 91 


PL 




-0.57 ± 


0.50 


- 




_ 




o.58lE!:l 


f, 74+0.54 
^•'^-0.31 


109.89/ 90 


CPL * 




-0.57 ± 


0.47 


n Q7+19.37 
-0.63 




_ 




0.58 ±0.36 


(, 74+0.64 
<->■ '^-0.30 


109.89/ 89 


Band 


071227 


-1.29 ± 


0.08 


- 


- 


— 




9 -,f,+0.62 
^•l'J_Q 54 


- 


109.59/ 84 


PL 




-0.71 ± 


0.22 


- 




- 




1 19+0.39 
1-^^-0.34 


- 


79.88/ 83 


CPL * 




-0.86 ± 


0.13 


- 




0.12 ± 


0.05 


1 00+0.05 
i.ao_Q 24 


- 


82.71/ 82 


Band 


080218A'' 


-2.38 ± 


0.35 


- 


- 


_ 




n qQ+i-20 
l'-^'^-0.92 


- 


74.83/ 74 


PL 




-0.48 ± 


0.82 


- 


32+10 


- 






- 


67.46/ 73 


CPL * 




-0.62 ± 


1.63 


o oQ+18.30 
-°-33_i.67 




_ 




4 07+9.41 
^••^'-6.14 


- 


67.53/ 72 


Band 


080319C 


-1.54 ± 


0.05 


- 


- 


_ 




1.65 ± 0.27 


1 ^.'J+O-IS 


132.82/ 89 


PL 




-1.34 ± 


0.07 


- 


1349i«o« 


- 




1.43 ±0.23 


1 20+°15 
l-^'J-0.14 


94.11/ 88 


CPL * 




-1.33 ± 


0.05 


- 


1332l™!{ 


22.55 ± 


3.35 


-1 90+0.37 

l-^>'-0.19 


-I -10+0.17 

1-1»_0.08 


97.87/ 87 


Band 


080328 


-1.27 ± 


0.05 


- 


- 






0.92 ±0.14 


n t;4+0-13 


144.55/ 88 


PL 




-1.05 ± 


0.09 


- 


4-11+184 
*11-109 






1.36 ± 0.20 


0.84lg-ii 


83.73/ 87 


CPL * 




-1.00 ± 


0.12 


-2 10+0-31 


q9c+136 






1.41 ±0.21 


0.90l°;?| 


79.61/ 86 


Band 


080413A 


-1.54 ± 


0.05 


- 


- 






0.54 ±0.09 


- 


103.93/ 73 


PL 




-1.29 ± 


0.12 


- 


-170+102 


_ 




0.89 ± 0.20 


- 


80.40/ 72 


CPL * 




-1.15 ± 


0.29 


9 19+0.33 
^■^^-7.88 


-,26+131 


11.95 ± 


3.10 


0.95 ±0.23 


- 


78.25/ 71 


Band 


080413B 


-1.92 ± 


0.06 


- 


- 






0.87 ±0.13 


n 72+0.11 
IJ- '^-0.09 


143.54/ 87 


PL 




-1.51 ± 


0.12 


- 




_ 




1.30 ± 0.22 


1 nrs+o-i* 


76.08/ 86 


CPL 




-1.24 ± 


0.26 


9 77+0.22 
^- ' ' -0.27 


67l» 


2.09 ± 


0.28 


1.59 ±0.33 


1 90+0.28 

l-^**-0.24 


64.12/ 85 


Band * 


080605 


-1.55 ± 


0.03 


- 


- 






n 74+0-08 

'J-l'i-O.OS 


- 


229.97/ 83 


PL 




-1.31 ± 


0.05 


- 


31311? 






1.07 ±0.11 


- 


60.76/ 82 


CPL * 




-1.30 ± 


0.06 


-2 59+°-^^ 


291 ± 75 


26.87 ± 


3.37 


1 og+o" 

l-"^^-0.12 


- 


58.59/ 81 


Band 


080623 


-1.51 ± 


0.14 


- 


- 






1 (15+0-53 


- 


89.48/ 72 


PL 




-1.22 ± 


0.24 


- 


997+273 

-90 






1 p;r;+0.79 

i-ao-cee 


- 


78.50/ 71 


CPL * 




-1.22 ± 


0.22 


_Q oc+7.36 
y.oo_Q gg 


997+282 
-46 






-1 p:r;+0.81 
1-'JO_0.67 


- 


78.50/ 70 


Band 


080727C 


-1.28 ± 


0.04 


- 


- 






0.46 ± 0.06 


- 


168.71/ 73 


PL 




-1.08 ± 


0.08 


- 


302tif 






0.72 ±0.13 


- 


111.30/ 72 


CPL 




-0.71 ± 


0.23 


-1.82 ±0.20 


121+3'' 


— 




0.90 ±0.17 


- 


94.16/ 71 


Band * 


080916A 


-1.47 ± 


0.04 


- 


- 






0.71 ± 0.14 


0.57 ±0.11 


145.61/ 89 


PL 




-1.15 ± 


0.13 




169111 






1.20 ±0.23 


0.88l°;i? 


95.22/ 88 


CPL * 




-0.95 ± 


0.26 


9 1 r;+0.27 


12ll«° 


1.21 ± 


0.46 


1.27 ±0.25 


n 04+0-20 


93.48/ 87 


Band 


081025 


-1.23 ± 


0.06 










0.58lg;l? 




144.91/ 72 


PL 




-0.92 ± 


0.10 




342+117 






0.88 ± 0.16 




69.27/ 71 


CPL * 




-0.92 ± 


0.08 


Q ,7+19.37 
''•'^'-0.63 


3431117 






0.88 ± 0.16 




69.27/ 70 


Band 


081109A 


-1.65 ± 


0.06 










1.02 ± 0.27 




83.86/ 72 


PL * 




-1.38 ± 


0.25 




120+lf 






1 sn+i-oo 




78.69/ 71 


CPL 




-1.27 ± 


0.34 


-2 iq+''-*2 


Qq+73 






1-'D_0.79 




74.72/ 70 


Band 


090301A 


-1.14 ± 


0.02 




637 ± 47 






1.26 ± 0.07 


1.13 ±0.07 


127.99/108 


CPL 




-1.13 ± 


0.02 


9 t-o+0.15 
Z.OO_Q 22 


574 ± 46 






1.31 ± 0.07 


1.18 ±0.07 


100.08/107 


Band * 


090401A 


-1.76 ± 


0.04 










0.95 ± 0.10 


1 00+°- 1" 

i.UU_Q 1^2 


126.00/107 


PL 




-1.66 ± 


0.05 




359+if 






1.11±0.13 


1 21+°-l'' 
1-^1-0.16 


99.10/108 


CPL 




-1.43 ± 


0.16 


-2.11 ±0.10 


117+^25 






1.42 ± 0.20 


1 c-9+0.26 
l-'-'^-0.22 


76.37/105 


Band * 


090401B 


-0.99 ± 


0.08 




2591^^ 






1.57 ±0.22 




62.96/ 72 


CPL 




-0.89 ± 


0.11 


9 09+0.21 


205l|f 






1.73 ± 0.25 




52.82/ 71 


Band * 



- 39 - 



Table 2 — Continued 



GRB a 13 Epeak[keV] Eiso[10^'^ erg] WAM A norm WAM B norm x^/d-o.f. Model 



090410 


-1.42 ± 


0.04 








1 14+0.16 


0.99i«;« 


259.82/ 89 


PL 




-1.02 ± 


0.08 




342l*f 




1.27 ±0.16 




95.71/ 88 


GPL * 




-0.98 ± 


0.10 


O r%Q -|~0. 25 

— Z.ZO_g 54 


290 ± 80 




1 Q4+0.23 
l-34_0.20 


1 99+0.20 
J^-^^-0.16 


89.72/ 87 


Band 


090418B 


-1.77 ± 


0.03 








0.56 ±0.07 


0.98l°;i^2 


125.38/ 89 


PL 




-1.58 ± 


0.07 




153ig 




0.75 ±0.11 


^■^"^-0.19 


77.68/ 88 


GPL * 




-1.49 ± 


0.15 


r, on + 0.21 


iieti 




0.83 ±0.15 


, c.9+0.27 
^■"^^-0.31 


77.12/ 87 


Band 


090424 


-1.34 ± 


0.05 




204+22 




0.59 ±0.07 


0.57 ±0.07 


113.00/108 


GPL * 




-1.06 ± 


0.24 


-2.50l?;lJ 




4.19 ± 0.34 


0.78l°:i? 


76+012 
'0-0.22 


108.56/107 


Band 



Note. — The fit parameters q, f}, Epeafe and Eiso are defined in |l2] WAM A/B norm: These are the constants C defined in !j2]for the 
WAM data. Model: The best fit model (by the Ax^ test) is indicated with an asterisk. 

^Sinco the WAM normalization is anomalously large, we quote fit parameters derived from the BAT data alone for this burst. 



Table 3. Spectral parameters for BAT/WAM bursts fitted only by a power law model. 



GRB 


a 






Epeak [keV] 


WAM A norm 


WAM B norm 


X^/d.o.f. 


051006 


-1.49 ± 


0, 


.11 


104+«i 


04+0-29 




94.11/ 73 


051213 


-1.66 ± 


0, 


.19 


75+2f 


1 qo+0.76 




84.52/ 72 


060110 


-1.67 ± 


0, 


.08 


74l«4 


0.94 ±0.31 




62.85/ 72 


060211 A 


-1.76 ± 


0, 


.11 


58+^® 


1.11 ±0.36 




96.03/ 73 


060223A 


-1.76 ± 


0, 


.12 


g9+129 


0.68l°:^I 




91.92/ 73 


060322 


-1.60 ± 


0, 


.07 


96+9° a 


0.63 ±0.15 




80.49/ 72 


060413 


-1.67 ± 


0, 


.07 


74+«4 


1.50 ±0.29 




78.19/ 72 


060607B 


-1.64 ± 


0, 


.11 


79+28° 


0.89lg:^I 




78.29/ 72 


060729 


-1.72 ± 


0, 


.12 


68+1^° 


1.04 ±0.37 




61.66/ 73 


060912A 


-1.73 ± 


0, 


.07 


66+1^5^ 


0.68 ±0.16 




69.30/ 69 


070612B 


-1.62 ± 


0, 


.12 


^^^-30 


0.16 ±0.10 




54.03/ 72 


070913 


-1.50 ± 


0, 


.25 


,go+402 






73.38/ 73 


080123 


-1.34 ± 


0, 


.14 


141+651 


, 9t-+0.57 
1-^^-0.46 




77.19/ 74 


080303 


-1.30 ± 


0, 


.23 




n QQ+0-63 
u.»»_Q 53 




69.12/ 74 


080409 


-2.12 ± 


0, 


.20 


3itr 






64.39/ 74 


080701 


-2.22 ± 


0, 


.15 


26+2® 


1 79+1.05 
l-'^-0.90 


l-l''-0.97 


78.17/ 87 


080707 


-1.78 ± 


0, 


.17 


6lllf 


1 91+0.72 
1-^1-0.62 




86.92/ 72 


080805 


-0.55 ± 


0, 


.21 




ifi+°-i^ 

U-lD-0.12 




84.26/ 69 


080905A 


-1.12 ± 


0, 


.19 




1 09+0.96 
l-J^-0.76 




69.54/ 72 


081008 


-1.63 ± 


0, 


.07 


01+239 

"1 — 29 


1.03 ±0.22 




68.36/ 72 


081022 


-1.67 ± 


0, 


.10 


74+1^4 


1.17 ±0.40 




68.17/ 72 


090113 


-1.61 ± 


0, 


.09 


on + 257 

°'^-33 


0.75 ±0.31 




65.69/ 72 


090123 


-1.64 ± 


0, 


.12 


P7Q -|-222 
'°-26 


i.02i°:g 




63.54/ 72 


090305 


-1.35 ± 


0, 


.30 


1 07+628 


i.36t}:™ 




75.12/ 73 



Note. — For all bursts except those noted, Epeafe values are estimated from the S09 a—Ep^ak 
relation (see text). WAM A/B norm are as explained in the caption to Table|2] 

^This burst has a fit Ep^^k from S08 
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Table 4. Fluence values for BAT/WAM bursts 



GRB Flucncc [lO"" erg cm,-'^] 

15-150 kcV 15-2000 kcV 1-10000 keV 



050904 

050915B 

051008 

051111 

051221A 

060105 

060111A 

060111B 

060117 

060124 

060204B 

060306 

060421 

060501 

060502A 

060505 

060801 

060813 

060814 

060825 

060904A 

060904B 

060908 

061006 

061007 

061110B 

061202 

061210 

061222A 

070107 

070318 

070328 

070419B 

070508 

070520B 

070529 

070531 

070612A 

070616 

070704 

070714B 

070808 

070911 

070917 

070923 



4.7 ± 0.19 
3.3 ± 0.15 

5.8 ± 0.15 
4.1 ± 0.13 

Q+0-04 

18.0 ± 0.30 

-I -1+0.05 
J^-0.04 

1.6 ± 0.14 
20.4 ± 0.21 



0.25 
0.10 
0.11 
0.06 
0.08 



8.9 ± 
2.3 ± 
1.7± 
1.2 ± 
1.1 ± 

9 9 + 0.13 
^•^-0.11 

0.7 ± 0.13 
0.09 ± 0.01 
4.7 ± 0.09 
13.9 ± 0.28 

1.0 ± 0.04 
7.5 ± 0.17 

-■-•"-(). 05 
2.7 ± 0.12 
0.5 ± 0.02 
43.7 ± 0.52 
0.7 ± 0.04 

o + 0.07 
^•°-0.11 

0.3 ± 0.03 

8.1 ± 0.16 

4.1 ± 0.15 
1.7 ± 0.06 

^■^-0.25 

6.2 ± 0.14 
19.3 ± 0.25 

0.7± 0.10 

1.1 ± 0.14 

n c+0.06 

'-'■^-0.06 

3.5 ± 0.22 

5.3 ± 0.18 

3.2 ± 0.09 
0.5j 



fO.Ol 
-'-0.02 

0.9 ± 0.07 

o O+0.21 

"•■^-o.is 



6.3; 

32.6; 

14.4^ 

3.0l 

65.o; 

2.2^ 
7.! 

28.i; 

20.5 
7.8l 



16.4 ± 4.89 

:i + 1.2S 
-1.81 
-1.79 
-2.63 
^+4.09 
-2.30 
1+0.74 
■'-0.36 
-, + 6.33 
-4.11 
1+0.47 
-0.54 
2+2.11 
'-2.35 
,+9.63 
-0.08 

20.5 ± 2.40 

^2.80 
■'-2.40 
q 9 + 0.81 
•^■^-0.63 
^+0.59 
-0.45 
5+0.93 
-0.61 
3+3.29 
'-1.92 
H.08 
-0.66 
F0.08 
=■-0.10 
p;+0.27 
-1.77 
^+6.14 
-4.11 
1+0.45 
-0.60 
3+5.24 
^-1.67 
7+1.24 
-1.43 
,+3.81 
'-2.49 



2.4; 

2.8 

5.8' 
2.3 
0.9 
13.5 
42.5 
2.2 
19.9 
3.7 
6 

1.6 ± 0.03 

232.8 
3.5 
6.9 
2.6; 
28.1 
20.0 
5.2 
61.1 
13.8 
42.5 
3.7 
3.4 
1.0 



1.56 
-73.73 
+ 1.42 
0.77 
+0.21 
-0.16 
+0.47 
1.59 
+4.98 
-3.49 
+3.23 
-2.57 
0.87 
-0.78 
+4.06 
-7.71 
+2.73 
1.65 
+2.26 
0.70 
+3.03 
-1.71 
1.99 
1.32 
0.59 
-0.30 



2.0"' 



1+0.05 
-0.06 

0.04 ± 0.01 



9.0 ± 1.86 

="•^-1.28 
10.4^ 

3.9l 

2.2j 

2i.o; 

6.l^ 



^+2.20 
-1.91 
F0.54 
^-0.87 
-1.34 
-0.75 
r,+6.48 
-4.67 
,+1.28 
-2.08 

1+°-^^ 

"•-^-0.05 



+ 17.07 
-11.31 
+3.28 
2.39 

44.1 ± 5.84 

,g »+16.29 
iy-'_6.40 

o c: + 3.01 
'^•'J-0.39 

3+0.54 
'-0.93 
:;+6.77 
-4.91 
,+6.14 
-0.66 
9+5.21 
-4.09 
1+9.12 
*-6.96 
^+1.31 
-1.46 

^•^-0.54 
+2.20 
1.26 

+ 10.57 
-3.50 
-1.95 
-0.84 
-I 0+1.68 
-'-■■'-0.83 

15.4l°1^ 

r.r. -+22.98 

DD- ' -7.70 



24.2Z 
8.4^ 



2.8Z 
10.5; 
43.3j 
26. 2:* 

14.41 
4.6^ 



3.6 
7.9 
2.8 



+0.55 
1.16 
+22.04 
-3.23 
4.60 
3.59 
10.93 
4.00 
+4.26 
0.08 
+4.83 
105.62 



3.5 
28.5 
6.6 
8.8 
2.5 
289.7 
5.4 ± 3.01 
13.6 
4.2 
32.5 
26.3 
8.2 
79.9 
16.6 



=+3.71 
-'-7.02 
hi. 85 
-2.20 
-+6.65 
-4.63 
3+9.33 
-7.30 
h2.51 
^-1.99 
1+14.02 

-8.33 
„+2.68 
-2.31 



46 

™-J_0.76 

6 q+7.30 
"■'^-4.52 
4 4+5-88 
— 2 21 

^■"-0.23 
-+4.44 
'' -2.25 
1+2.38 
-1.90 
-,7 1+7.60 
-"•-'-4.65 
6 4+0-98 
°-^-2.47 
1+3.81 
-1.36 
, + 15.65 



9.5: 

10.0"* 



3.0^ 



34.4_j2.23 

^•*'-3.31 
n 1 -H0.32 
"•-'■-0.06 
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Table 4 — Continued 



GRB Fluence [lO"® erg cm.-'^] 





15-150 keV 


15-2000 kcV 


1-10000 keV 


071003 


7.2 ± 0.17 




46.6In.35 


071010B 


4.2 d= 0.12 


7 Q+0.75 


^^'^■'^-1.95 


071112B 


0.061°;°; 


n c+o.eo 


6+"-^l 
'J-<'-0.40 


071227 


0.1 ± 0.02 


1 1+2.92 
-^•-^-0.18 


1 1+0.15 
-^•-^-0.06 


080218A 


0.6 ± 0.12 




n q+0.67 
^^•^-0.29 


080319C 


o R + ().18 
'^•°-0.11 


20.1 ± 1.04 


9C- 0+5.16 


080328 


4 5+0.13 


16.7l|«« 


24 o+w-rs 

^^■'J-7.92 

16 4+»-51 
^^"■^-11. 37 


080413A 


O+0.12 
^•°-0.08 


c+1.43 

°-t'-4.19 


080413B 


3.1 ± 0.12 


4 4+0.47 
^•^-0.41 


K 7+0.80 
"J- ' -0.71 

00 q+5.{)5 

44 


080605 


11.2 ± 0.20 


09 1 +1.66 
J^-6.40 


080623 


1.0 ± 0.09 


9 9+1.11 
^•^-0.81 


9 (,+4.81 
^•'J-0.43 


080727C 


5.1 ± 0.15 


1C c + 4.82 


90 4+14.90 


080916A 


2.9 ± 0.09 


o + l.OO 
''••^-3.70 


Q 1 +4.96 
^•-■--0.51 


081025 


-I + 0.04 
-•-•"-O.OT 


fi 7+2.09 
D. / _o.24 


°-='-1.25 


081109A 


9 c+O.lO 
^•■^-0.05 


4.6l?:f,^ 


7 c:+6.48 
' •■^-3.24 


090301A 


90 -1+0.26 
^■^■-'--0.20 


93.911^,^^ 


1-17 -,+20.22 
il(.l_2 40 


090401A 


O+0-21 
°-J-0.17 


1 rj Q + 2.82 

-■- ' -'^-0.87 


25.0l2'2? 


090401B 


8.7 ± 0.15 




,9 1+4:95 

•^^•-"^-s.ai 


090410 


5.5 ± 0.16 




24.7tl;fl 


090418B 


15 q+0.37 
^^3-^-0.30 


28.6l|;5t 


07 1+12.66 

■^'■^-2.65 


090424 


19.4 ± 0.39 


Qij j-r-|-11.53 

' -0.68 


on 4+13.77 
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Table 5. Time resolved spectral parameters of BAT/WAM bursts 



CjHri 


Sequence 


Interval 


a 




P 


Epeak [keV] 


TP ri n52 


erg s] 


,,2 /J „ f 

X /d.o.t. 


Model 


050904 


slew 


73.63 - 148.63 (si) 


-1.31 ± 


0.07 










102.93/ 89 


PL 








— 1.03 ± 


0.19 




266+SS 

102 






84.31/ 88 


CPL 








—0.73 ± 


0.51 


, Q9+0.28 
" — 0.39 


131+if 


45.70 ± 


13.70 


78.15/ 87 


Band * 




sec[3 


100.63 - 148.63 (si) 


— 1.25 ± 


0.07 










105.51/ 89 


PL 








—0.90 ± 


0.17 




247+177 

^^'-76 






74 50/ 88 


CPL * 








—0.74 ± 


0.35 


-1 93+2?i 


168+i?5 

^"°— 61 


35.10 ± 


10.10 


72.38/ 87 


Band 




post slew 


148.63 - 216.63 


-1.33 ± 


0.09 










100.93/ 89 


PL 








— 1.05 ± 


0.18 




276+-^?? 

^'"-100 






83 22 / 88 


CPL * 








— 1.05 ± 


0.18 


-2 88+^-1° 


9-0+293 


27.30 it 


10.48 


S3 08/ 87 


Band 


050915B 


seql 


148.63 - 216.63 


-1.89 ± 


0.06 










79.29/ 73 


PL 








— 1.-52 ± 


0.24 




65+?? 






69.31/ 72 


CPL * 








— 1.36 ± 


0.39 


-2 35+9 ?i 


59 ± 14 






65 83/ 71 


Band 


051008 


seq2 


-9.82 - 4.18 


-1.06 ± 


0.07 




788+^24 






150.00/108 


CPL 








—1 on -t- 


u.uo 


-9 18+0-20 
^■-'^°-0.36 










DaiiQ 




seqo 


4 1 S 1 1 1 H 
4. lo — 11. lo 


n Q9 -t- 


u.u / 




7^8 + 7n 

t OO HI / u 






QC on /I fiH 


PPT 








-0.88 ± 


0.08 


-2.48+°-30 

— U.71 


669 ± 85 






78.83/107 


Band * 


051111 


seq 


-24.82 - 21.18 


— 1.36 ± 


0.04 










1 34 93 / 87 

_L0^»C70/ 


PL 








— 1.21 ± 


0.06 




CI 9+186 






77 1 9 / 86 


CPL * 








— 1.21 ± 


0.07 


o 91+9.77 
^■^^—6.79 


509 ± 196 


10.48 it 


2.79 


77.19/ 85 


Band 


060105 


preslew 


-20.77 - 14.23 


— 1.06 ± 


0.04 










189.35/ 73 


PL 








—0.92 ± 


0.06 




O2g+290 






67 24 / 72 


CPL * 








-0.91 ± 


0.07 


-2.77+"-n 

— 7.23 


743+824 

— 277 






67.11/ 71 


Band 




slew 


14 23 - 66 23 Csl") 


— 1.21 ± 


0.04 










86 17/ 73 


PL 








— 1.00 ± 


0.13 










67.83/ 72 


CPL * 








-1.00 ± 


0.13 


-2.15+°-^! 

^—7.85 


301 + n?^ 






66.11/ 71 


Band 


060111A 


seql 


-6.42 - 61.58 


— 1.58 ± 


0.06 










138.24/ 87 


PL 








— 1.14 it 


0.21 




1 1 3+*'*' 






1 09 2S / Kfi 


CPL 








—0.41 ± 


0.44 


-2 33+°-?I 


68+1? 

""—10 






85.01/ 85 


Band * 


nfiOl 1 1 R 


seq 




— 1.36 ± 


0.10 










1 29 60 / 72 

. \J\J j 1 £^ 


PL 








—0.65 ± 


0.23 




474+148 

95 






85 31 / 71 


CPL * 








-0.62 ± 


0.24 


-2.35+°|t 

— 7. Do 


443+l« 

— lUo 






84.24/ 70 


Band 




preslew 


-2.65 - 13.35 


-1.39 ± 


0.10 










134.56/ 72 


PL 








-0.61 ± 


0.23 




457111^ 






81.31/ 71 


CPL * 








-0.60 ± 


0.23 


9 70+0.69 


450i^J° 






80.57/ 70 


Band 




seql-3 


-2.65 - 25.35 (si) 


-1.47 ± 


0.08 










158.62/ 72 


PL 








-0.69 ± 


0.19 




435tf, 






87.25/ 71 


CPL * 








-0.68 ± 


0.20 




425l?3 






87.07/ 70 


Band 




seq2 


3.35 - 13.35 


-1.49 ± 


0.17 










86.09/ 72 


PL 








-0.64 ± 


0.43 




42811?? 






67.65/ 71 


CPL * 








-0.63 ± 


0.43 


o 91+1.27 
•^■^^-6.79 


42811?? 






67.58/ 70 


Band 




seq3 


13.35 - 25.35 (si) 


-1.58 ± 


0.16 










81.38/ 72 


PL 








-0.74 ± 


0.39 




,qn+l77 






60.61/ 71 


CPL * 








-0.69 ± 


0.42 




364t?°l 






60.74/ 70 


Band 


060117 


seql 


-2.04 - -0.04 


-1.89 ± 


0.08 










127.37/109 


PL 








-1.68 ± 


0.13 










111.46/108 


CPL * 








-1.65 ± 


0.23 


-2 54+0-39 


12011?" 






112.02/107 


Band 
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Table 5 — Continued 



GRB 


Sequence 


Interval 


a 




/3 


Epeak [keV] 




erg s\ 


xVd.o.f. 


Model 




seq2 


-0.04 - 5.96 


-1.86 ± 


0.03 










306.01/109 


PL 








— 1.63 ± 


0.05 




1361 le 






142.62/108 


GPL 








-1.49 ± 


0.11 










128.63/107 


Band * 




seq3 


5.96 - 8.96 


-2.31 ± 


0.08 










110.22/109 


PL 








— 1.92 ± 


0.11 




n+2 

9-1 






108.01/108 


CPL 








-1.70 ± 


0.28 


o 29 


1 0+9 

19Ii2 






99.25/107 


Band * 




seq4 


8.96 - 10.96 


-1.98 ± 


0.03 


— 




— 




214.21/109 


PL 








-1.77 ± 


0.06 




Q1 ^ 


— 




119.25/108 


CPL * 








-1.72 ± 


0.15 




-LIS 


— 




116.07/107 


Band 




seq5 


10.96 - 11.96 


-1.18 ± 


0.05 




113 ± 6 


— 




131.64/108 


CPL 








-1.08 ± 


0.09 




101 ± 8 


— 




119.78/107 


Band * 




seq6 


11.96 - 12.96 


-1.48 ± 


0.06 


— 


146li« 


— 




115.05/108 


CPL * 








-1.47 ± 


0.06 




144 ± 16 


— 




114.17/107 


Band 




seq7 


12.96 - 13.96 


-2.20 ± 


0.05 










147.19/109 


PL 








-1.91 ± 


0.16 


— 


141^ 


— 




109.91/108 


CPL 








-1.33 ± 


0.35 






— 




97.94/107 


Band * 




seq8 


13.96 - 15.96 


— 1.94 ± 


0.05 










173.31/109 


PL 








-1.68 ± 


0.09 


- 


' ' -12 


— 




123.83/108 


CPL * 








-1.55 ± 


0.16 


-^■^^-0.11 


65l« 


— 




118.63/107 


Band 




seq9 


15.96 - 17.96 


-2.14 ± 


0.05 


— 


- 


- 




190.75/109 


PL 








-1.52 ± 


0.16 


— 


36 ± 4 


— 




104.90/108 


CPL 








-1.23 ± 


0.23 


-3.34 ± 0.37 


38 ± 3 






93.12/107 


Band * 


UDU21U 


seq3 


-90.29 — 50.29 


— 1.39 ± 


0.20 










no cr o / 0*7 

98.58/ 87 


PL 








-0.82 ± 


0.47 




-t ^ .1 4-154 






83.75/ 86 


CPL * 








-0.82 ± 


0.45 


„„_|_1 Q q7 

Q Q'7-t--L»-0/ 

_0. 63 


- .-1-7^ 

164t4° 


9.75 ± 


3.84 


83.75/ 85 


Band 




seq4 


-50.29 - -22.29 (si) 


— 1.42 ± 


0.10 










90.66/ 87 


PL 








-1.13 ± 


0.19 




236Igo 


— 




73.27/ 86 


CPL * 








-1.12 ± 


0.28 


„„_i_n on 

-2.80l^:^^ 


<-i«fi -1-200 

2281^5^2 


19.32 ± 


6.30 


72.98/ 85 


Band 




seq5 


-22.29 — -2.29 


— 1.74 ± 


0.13 










no nn / o t 

93.09/ 87 


PL * 








-1.20 ± 


0.53 




_ . -1-1 2Q 
'^-16 






88.68/ 86 


CPL 








-1.20 ± 


0.47 


-0.63 




5.53 ± 


2.73 


88.68/ 85 


Band 




seq5-6 


oo on 1 A '71 
-22.29 — 14. 1 1 


— 1.62 it 


0.09 










97.01/ 87 










-1.30 ± 


0.26 




125+Jf 






84.01/ 86 


CPL * 








-1.37 ± 


0.27 


_Q 00+6.97 
''•'^^-0.68 


143l«« 


13.46 ± 


2.07 


84.23/ 85 


Band 




seq6 


-2.29 - 14.71 


-1.50 ± 


0.12 










93.08/ 87 


PL 








-1.25 ± 


0.24 




2231^00 






81.90/ 86 


CPL * 








-1.25 ± 


0.19 


-9 24+1^-23 


OQo+300 
^^•5_i02 


8.61 ± 


3.56 


81.90/ 85 


Band 


060306 


seql-2 


-2.42 - 6.58 


-1.82 ± 


0.08 










96.32/ 87 


PL 








-1.55 ± 


0.16 




11D_30 






76.81/ 86 


CPL * 








-1.11 ± 


0.45 


-2 44+°-28 


fj7+24 






71.62/ 85 


Band 




preslew 


-1.42 - 14.58 


-1.78 ± 


0.10 










85.90/ 87 


PL 








-1.61 ± 


0.17 




igg + lSO 

i3y_63 






79.57/ 86 


CPL * 








-1.42 ± 


0.59 


-2 26+°-^'' 


89i^f 






78.26/ 85 


Band 




seq2 


-0.42 - 6.58 


-1.84 ± 


0.09 










89.35/ 87 


PL 








-1.58 ± 


0.17 




1081^? 






73.67/ 86 


CPL * 








-1.18 ± 


0.50 


-2 46+°-^2 


66l?i 






70.24/ 85 


Band 



-44- 



Table 5 — Continued 



GRB 


Sequence 


Interval 


a 






Epeak [keV] 


Eiso [1052 


erg s] 


xVd-o.f. 


Model 




seq3 


25.58 - 33.58 (si) 


— 1.86 ± 


0.17 










65.70/ 87 


PL 








-0.44 ± 


0.71 




. „-|-16 






57.79/ 86 


GPL * 








0.23 ± 


1.45 


-2.67^^:?^ 


4C-\-5 

48II5 






57.53/ 85 


Band 




seq4 


41. oo — 4D.0O (Slj 


— 1.65 it 


0.13 










1 nn [\K 1 
lUO.Ub/ o7 










-1.47 ± 


0.19 




____|_4QK 






93.27/ 86 


CPL * 








-1.47 ± 


0.18 




n -1-520 

2491^^5^ 






93.36/ 85 


Band 


060322 


seql-3 


-22.15 - 34.85 


-1.37 ± 


0.08 










55.90/ 72 


PL * 








-1.17 ± 


0.21 




272+;-^^ 






50.05/ 71 


CPL 








-0.59 ± 


1.14 




^ _ „_j_157 






46.05/ 70 


Band 




seq3 


13.85 - 34.85 


-1.34 ± 


0.12 










70.97/ 72 


PL 








-1.00 ± 


0.31 




1 n^-l-3Q3 

188_73 






64.09/ 71 


CPL * 








1.49 ± 


1.76 


±.DZ_Q 26 








62.47/ 70 


Band 




seq5 


177.85 — 202.85 


— 1.65 ± 


0.06 










96.26/ 72 


PL 








-1.03 ± 


0.28 




821^^ 






71.87/ 71 


CPL 








-0.76 ± 


0.47 


-2.36t°-j| 


71 it 15 






65.74/ 70 


Band * 


060421 


seql 


-22.29 - 14.71 


— 1.49 ± 


0.07 










121.06/ 88 


PL 








-1.05 ± 


0.16 










69.56/ 87 


CPL * 








-0.90 ± 


0.31 


n A A -1-0 35 
-^■^-756 


_l_70 

121I31 






68.42/ 86 


Band 


060502A 


seql 


-2.29 - 14.71 


— 1.36 ± 


0.06 










119.44/ 72 


PL 








-1.03 ± 


0.16 




210I59 






84.81/ 71 


CPL * 








-0.89 ± 


0.27 


_ „^ _l_0 38 


^ ___l_62 


3.31 it 


1.20 


83.24/ 70 


Band 


060813 


seq2 


-1.42 - 66.58 (si) 


— 1.85 ± 


0.11 










112.53/ 90 


PL 








-1.39 ± 


0.37 




671^6 






101.96/ 89 


CPL 








-0.46 ± 


0.92 


rx r-r--^0 45 

Z.OO_Q gQ 


46 it 12 






92.84/ 88 


Band * 


060814 


seql 


-11.75 - 10.75 


— 1.52 ± 


0.04 










215.30/ 90 


PL 








-1.22 ± 


0.07 




3721^0 






81.18/ 86 


CPL * 








-1.21 ± 


0.07 


„ .„-|-0 43 

-2.46l?:« 


365l^^J 


2.45 it 


0.52 


83.18/ 88 


Band 




seq2 


10.75 — 30.75 [si) 


— 1.64 it 


0.03 










z4o.oo/llU 


OT 








-1.40 it 


0.05 










70.54/ 86 


CPL * 








-1.38 it 


0.06 






4.17 it 


0.49 


96.46/108 


Band 




slew 


10.75 — 60.25 (slj 


— 1.61 it 


0.03 










1 oT no /1 1 n 
Iz ( .{jZ/ IIU 


TDT 








— 1.48 it 


0.05 




458_^27 






CTT no / 012 

bi.ua/ 8b 


CPL * 








-1.45 it 


0.17 


1 no+0.16 

1.9,3_g gg 


,C9+34B 
'J3^_226 


5.31 it 


0.76 


85.76/108 


Band 


060904A 


slew 


13.84 - 54.34 (si) 


-1.65 it 


0.05 










81.89/ 89 


PL * 








-1.59 it 


0.08 










76.85/ 88 


CPL 








-1.45 it 


0.30 


-1 89+°-^^ 


160l«f 






73.98/ 87 


Band 




postslew 


54.34 - 108.84 


-1.59 it 


0.04 










95.64/ 89 


PL 








-1.46 it 


0.07 










67.03/ 88 


CPL * 








-1.46 it 


0.09 


r, 07+0.48 


376l?« 






68.06/ 87 


Band 


060908 


seql-3 


-13.36 - 3.14 


-1.31 it 


0.06 










101.47/ 72 


PL 








-0.85 it 


0.22 




143+«? 






69.99/ 71 


CPL * 








-0.70 it 


0.27 


-2.46i?:S 


120l« 


7.44 it 


3.31 


67.93/ 70 


Band 




seq2 


-8.36 - 0.14 


-1.27 it 


0.06 










77.05/ 72 


PL 








-0.86 it 


0.20 




169+1° 






48.48/ 71 


CPL * 








-0.80 it 


0.27 


-2.65l?J« 


15liJ°« 


5.32 it 


2.22 


48.35/ 70 


Band 


061006 


seq2 


-22.89 - -22.39 


-0.34 it 


0.09 




742 it 67 






225.61/111 


CPL 



-45 - 



Table 5 — Continued 



GRB Sequence 


Interval 


a 




/9 


Epeak [keV] 


Eiso [1052 


erg s] 


xVd.o.f. 


Model 






-0.62 ± 


0.10 




6I9I49 


0.15 it 


0.05 


91.25/ 85 


Band * 


seq2-3 


-22.89 - -21.39 


-1.05 ± 


0.06 










68.79/ 68 


PL 






-0.88 ± 


0.10 




-i-7nfi 






50.47/ 67 


CPL * 






-0.89 ± 


0.10 




9891^30 


0.22 it 


0.04 


51.51/ 70 


Band 


seq3 


-22.39 - -21.89 


-1.57 ± 


0.13 










75.88/ 73 


PL 






-1.35 ± 


0.20 




3661:;;;^ 


— 




67.15/ 72 


CPL * 






-1.35 ± 


0.16 


-8.67i;;33 


0.02 it 


0.01 


67.14/ 70 


Band 


061007 seql 


-4.18 - 3.32 


-0.89 ± 


0.09 




4-AQ 

48414'^ 


— 




111.83/110 


CPL * 






-0.87 ± 


0.10 




467147 


5.04 it 


0.64 


110.74/109 


Band 


preslew 


-4.18 - 12.32 


-0.90 ± 


0.06 




389 it 26 


- 




114.62/110 


CPL 






-0.88 ± 


0.07 


''-'-0.43 


369 it 28 


11.48 it 


0.95 


103.68/109 


Band * 


seq2 


3.32 - 12.32 


-0.88 it 


0.08 




321 it 23 


— 




127.35/110 


CPL 






-0.86 ± 


0.08 


_„_i_n ^9 

-2.79l°:?? 


310 it 27 


6.07 it 


0.62 


120.39/109 


Band * 


slew 


12.32 - 69.82 


-0.85 ± 


0.03 




490 it 13 






194.86/110 


CPL 






-0.83 ± 


0.03 




474 it 14 


84.89 it 


2.74 


160.03/109 


Band * 


seq4 


24.32 - 34.32 


-0.72 ± 


0.04 




555 it 16 


— 




240.83/110 


CPL 






—0.68 ± 


0.04 




524 it 17 


25.40 it 


1.09 


191.37/109 


Band * 


seq5 


34.32 - 42.32 


-0.81 ± 


0.03 




573 it 17 


— 




252.24/110 


CPL 






-0.79 ± 


0.03 


-un 1 7 

^•yy_o.24 


553 it 18 


21.47 it 


0.86 


217.93/109 


Band * 


seq6 


42.32 - 50.32 


—0.86 ± 


0.03 




454 it 15 






171.30/110 


CPL 






-0.84 ± 


0.03 


-3.07l°:22 


441 it 16 


15.32 it 


0.64 


152.08/109 


Band * 


seq7 


50.32 - 56.82 


-0.87 ± 


0.03 




428 it 13 






177.97/110 


CPL 






-0.86 ± 


0.03 


o -*o+0 35 

-3.481^;:^? 


422 ± 14 


13.28 it 


0.53 


171.25/109 


Band * 


seq8 


56.82 - 69.82 


-0.92 ± 


0.04 




346 it 18 






73.82/109 


CPL * 






-0.92 ± 


0.04 


-3.»»_g 12 


345 it 19 


8.83 it 


0.61 


73.23/108 


Band 


seq9 


69.82 — 79.82 


—1.67 ± 


0.07 










111.47/110 


PL 






-1.52 ± 


0.12 


— 


293t™J 






96.03/109 


CPL * 






-1.53 ± 


0.11 


»-^<-'_Q 8Q 


309 it 146 


1 ill: ■ 


0.24 


96.04/108 


Band 


061202 seq2 


71.42 - 80.92 (si) 


-1.59 ± 


0.05 










113.70/ 87 


PL 






-1.43 ± 


0.08 




3I1I92 






87.14/ 86 


CPL * 






— 1.21 it 


0.26 


i „„+0.18 
-2.06_o 26 


101 +138 
131_44 






00. ob/ 00 


Band 


seq2-3 


71.42 — 86.92 (slj 


— 1.58 it 


0.05 










125.83/ 87 


PL 






-1.42 it 


0.07 










90.54/ 86 


CPL * 






-1.42 it 


0.07 


Q 07+19.37 

-0.63 








90.54/ 85 


Band 


seq3 


80.92 - 86.92 (si) 


-1.51 ± 


0.07 










102.37/ 87 


PL 






-1.39 it 


0.11 




407tf,« 






91.48/ 86 


CPL * 






-1.39 it 


0.11 


Q Q~+19.37 
^••^'-0.63 


406t?f° 






91.48/ 85 


Band 


061222A slew 


34.29 - 89.29 (si) 


-1.36 it 


0.03 










188.39/ 74 


PL 






-1.16 it 


0.06 




456l«« 






66.80/ 73 


CPL * 






-1.14 it 


0.09 


-2 60+°-®l 








66.24/ 72 


Band 


seq7-9 


75.29 - 99.79 (si) 


-1.35 it 


0.03 










215.51/ 74 


PL 






-1.13 it 


0.06 




427+150 

^^'-98 






52.97/ 73 


CPL * 






-1.01 it 


0.13 


-2 00+°-^^ 


248llf 






47.06/ 72 


Band 


seq8 


80.29 - 89.79 


-1.00 it 


0.05 




488tif 






68.54/ 73 


CPL 






-0.89 it 


0.11 


-1 99+°l3 

J..tI»_Q 25 


299lif 






52.60/ 72 


Band * 


070107 seql 


-20.61 - -1.11 (si) 


-1.42 it 


0.06 










150.82/ 72 


PL 



-46- 



Table 5 — Continued 



GRB Sequence 


Interval 


a 




/3 






erg s] 


xVd-o.f. 


Model 






-1.01 ± 


0.11 




„ _ „_Li43 

566+i^t 






77.07/ 71 


CPL * 






-1.01 ± 


0.10 


1^ Q J -1-7.24 

— 9.^4_Q gQ 


566li« 






77.07/ 70 


Band 


seq2 


-1.11 — 14.39 


—1.35 it 


0.07 










1 no HI / TO 
108.61/ 72 








-1.11 ± 


0.11 




'°^-218 






79.11/ 71 


CPL * 






-1.11 ± 


0.11 


n <-i^-|-7 45 

-9.06l^;|= 


783 it 225 






79.11/ 70 


Band 


070318 seql 


-22.89 - -22.39 


-1.54 ± 


0.05 










104.92/ 89 


PL 






-1.34 ± 


0.08 




572t^°* 






74.30/ 88 


CPL 






-0.90 ± 


0.40 


-1.75 it 0.09 




1.07 it 


0.19 


65.53/ 87 


Band * 


070328 seql 


-17.81 - -2.31 


— 1.39 ± 


0.06 










142.57/ 84 


PL 






-1.00 ± 


0.13 




1 i-^^n -1-742 

1903111? 






104.75/ 83 


CPL * 






-0.99 ± 


0.09 


n or.-t-7 19 

»-'J''_0.68 


188611^1 






105.67/ 82 


Band 


preslew 


-I'Toi 11 in 

-i /.oi — ii.iy 


1 1 _1_ 
— 1.1 / ± 


0.04 




1 /ol ± 2ZD 






97.59/ o2 


Cr^lj 






-1.17 ± 


0.02 


Q 1 Q~rO-ol 


17261248 






97.61/ 81 


Band 


seq2 


-2.31 - 11.19 


-1.18 ± 


0.04 




1647 ± 202 






89.61/ 82 


CPL * 






— 1.16 ± 


0.02 


O Qt;+0.23 
^■"^^-7.65 


1503 ± 297 






a 1 01 

88.79/ 81 


Band 


seq3 


11.19 - 23.69 


-1.13 ± 


0.05 










83.49/ 82 


CPL * 






-1.14 ± 


0.04 


„ .-,-+19 37 
^■'^^ -0.63 


862l^f 






83.50/ 81 


Band 


slew 


11 in TT 1 r» \ 

11.19 — 77.19 (slj 


— 1.45 ± 


0.03 










190.24/ 83 


PL 




-1.22 ± 


0.05 


— 


1064l^J« 






61.99/ 82 


CPL * 






-1.21 ± 


0.04 




^-i-/in^ 
996Ii7i 






62.21/ 81 


Band 


seq4 


OQ cn '7'7 in 
ZO.D9 — 77.19 (Slj 


1 At. 

— 1.45 ± 


0.07 










75. Ob/ 74 








-1.30 ± 


0.11 




736l^I^f 






60.62/ 73 


CPL * 






-1.25 ± 


0.18 




°^^-420 






61.26/ 72 


Band 


070419B seql 


-11.89 — 15.11 


— 1.48 ± 


0.05 










137.32/ 73 


PL 






-1.23 ± 


0.08 










72.99/ 72 


CPL * 






— l.ZO ± 


0.08 


y-'J' _0.63 


c-iQ-f219 
519_i65 






TO on / T1 

72.99/ 71 


Band 


seql-3 


-11.89 - 69.11 (si) 


-1.59 ± 


0.04 










115.27/ 73 


PL 






-1.40 ± 


0.07 




292Ig7 






53.78/ 72 


CPL * 






— 1.40 ± 


0.07 


„ „_-|-19.37 

-9-37Io63 


292^27 






53.79/ 71 


Band 


seq2 


15.11 - 60.11 (si) 


-1.63 ± 


0.06 










99.73/ 73 


PL 






-1.39 ± 


0.12 




16914^ 






67.84/ 72 


CPL * 






1 /In -1- 
— i.4U it 


n 1 o 


Q 07-1-6.73 

-0.63 


170_42 






f;T Qyl / T1 
0/.o4/ / i 


Band 


slew 


15.11 - 69.11 (si) 


-1.66 ± 


0.05 










91.97/ 73 


PL 






-1.44 ± 


0.10 




l'D_42 






58.04/ 72 


CPL * 






-1.44 ± 


0.10 


q 07-1-19.37 
-0.63 


177111 






58.04/ 71 


Band 


seq3 


60.11 - 69.11 (si) 


-1.73 it 


0.08 










72.91/ 73 


PL 






-1.60 it 


0.15 




198ir 






66.17/ 72 


CPL * 






-1.60 it 


0.15 


-9.36tJ;|^ 


1981^12 






66.17/ 71 


Band 


070508 seql-8 


-13.93 - 10.07 


-1.19 it 


0.04 




280 it 20 






76.66/ 86 


CPL * 






-1.19 ± 


0.03 




280l?Q 


5.06 it 


0.23 


76.67/ 85 


Band 


seql2 


0.00 - 0.00 


-1.81 it 


0.06 










101.32/ 89 


PL 






-1.47 it 


0.14 




951?^ 






69.93/ 88 


CPL * 






-1.48 it 


0.15 


-3.56ti;°I 


951?! 


0.31 it 


0.06 


69.69/ 87 


Band 


seq2 


0.07 - 1.57 


-1.76 it 


0.08 










93.94/ 89 


PL 






-1.44 it 


0.25 




07-1-83 

^' -25 






82.97/ 88 


CPL * 






-1.30 it 


0.31 


-2.6ll?j^ 


821^7 


0.17 it 


0.06 


81.39/ 87 


Band 



-47- 



Table 5 — Continued 



GRB 



Sequence 



Interval 







P 






cf y Aj 


v2 /H n f 
X /a.o.i. 




1.19 ± 


0.06 




260l^° 






99.64/ 88 


CPL * 


1.19 ± 


0.06 


-5.26+"^^ 

—4.74 


260+i° 

— 00 


0.86 it 


0.15 


99.62/ 87 


Band 


1.12 ± 


0.07 




296+^° 

—33 






112.75/ 88 


CPL * 


1.10 ± 


0.08 


-2.71+?-3« 

— 1.37 


280 it 43 


0.74 it 


0.09 


109.25/ 87 


Band 


0.92 ± 


0.05 




307 it 16 






109.16/ 88 


CPL * 


0.92 ± 


0.05 


-4.06+9*5 

—5.94 


306 it 16 


1.67 it 


0.11 


108.44/ 87 


Band 


1.67 ± 


0.05 










253.38/ 89 


PL 


1.20 ± 


0.10 




154+27 

— 20 






90.82/ 88 


CPL * 


1.21 ± 


0.10 


-9.37+?,s«f 

—0.63 


155+2? 

— 21 


0.40 it 


0.00 


90.83/ 87 


Band 


0.87 ± 


0.05 




213 it 9 






86.31/ 88 


CPL * 


0.87 ± 


0.05 


-4.08+°-J« 

— 5.92 


212 it 10 


1.96 it 


0.11 


85.93/ 87 


Band 


0.97 ± 


0.04 




211 it 9 






97.35/ 86 


CPL * 


0.97 ± 


0.04 


q 07+5.64 


212 it 9 


2.81 it 


0.10 


97.37/ 85 


Band 


1.16 ± 


0.06 




203+?Q 
— 19 






105.74/ 88 


CPL * 


1.19 ± 


0.06 


_ 


204 it 20 


0.89 it 


0.06 


110.98/ 87 


Band 


0.94 ± 


0.06 


_ 


187 it 13 


_ 




95.97/ 88 


CPL * 


0.91 ± 


0.07 




177 it 15 


0.99 it 


0.08 


91.18/ 87 


Band 


0.41 ± 


0.21 




186126 






83.33/ 88 


CPL * 


0.41 ± 


0.22 


— 5.39 


186 it 26 


0.58 it 


0.11 


83.27/ 87 


Band 


1.29 ± 


0.11 










88.44/ 72 


PL 


1.10 ± 


0.20 


_ 




_ 




82.35/ 71 


CPL * 


1.11 ± 


0.20 


_n 22+19-22 
—0.78 


3io+?S! 

" — 128 






82.35/ 70 


Band 


1.44 ± 


0.04 






_ 




121.72/ 72 


PL 


1.10 ± 


0.10 


_ 


181+29 
— 2y 


_ 




47.98/ 71 


CPL * 


1.10 ± 


0.12 


— 6.68 


179 it 43 






47.84/ 70 


Band 


1.20 ± 


0.06 










155.93/ 72 


PL 


0.37 ± 


0.26 


_ 


124+28 


_ 




76.83/ 71 


CPL 


0.08 ± 


0.34 


-2.48+°12 

— 0.59 


105+}! 

— 14 






66.95/ 70 


Band * 


1.61 ± 


0.05 










74.50/ 72 


PL 


0.79 ± 


0.76 






_ 




64.66/ 70 


Band * 


1.31 ± 


0.06 






_ 




167.98/ 89 


PL 


0.74 ± 


0.12 




11521305 






75.16/ 88 


CPL * 


0.69 ± 


0.10 


-3 16+1-1^ 
•3.J-0_6.84 


1146 ± 335 


0.58 lb 


0.15 


76.71/ 87 


Band 


1.30 ± 


0.12 










125.28/ 89 


PL 


0.68 ± 


0.24 




490+^72 






89.19/ 88 


CPL * 


0.64 it 


0.00 


9 99+0.72 
^■^^ 0.24 


424+-213 
^^^-364 


0.16 lb 


0.09 


88.79/ 87 


Band 


1.27 ± 


0.11 










122.19/ 87 


PL 


0.86 ± 


0.22 




970+179 






92.62/ 86 


CPL * 


■0.87 ± 


0.18 


Q 07+19.37 

-0.63 


273 it 90 






92.62/ 85 


Band 


1.33 ± 


0.10 










105.86/ 87 


PL 


1.04 ± 


0.21 




9C-1 +232 
^^1-96 






86.70/ 86 


CPL * 


1.04 ± 


0.19 


q 07+19.37 
-0.63 


252l2f 






86.70/ 85 


Band 


■1.45 ± 


0.04 










72.47/ 72 


PL 


1.36 ± 


0.06 




p:f;n+472 






54.70/ 71 


CPL * 


1.36 ± 


0.05 


_q 07+0.28 
-0.63 


560lf?? 






54.70/ 70 


Band 


1.55 it 


0.04 










74.26/ 73 


PL 



seq4 
seq6 
seq7 
seq8 



2.07 - 4.07 
5.57 - 6.57 
6.57 - 8.57 
8.57 - 10.07 



seq9 10.07 - 12.57 

seq9-10 10.07 - 14.57 

seqlO 12.57 - 14.57 

seqll 14.57 - 16.07 

070612A seql -20.61 - -1.11 

070616 seq3 120.45 - 132.45 

seq4 132.45 - 173.95 

070704 seql -57.08 - -49.08 

seq2 -49.08 - -15.58 
070714B seq2 -0.38 - 0.12 

seq4 0.62 - 1.12 

070808 seql -0.61 - 2.39 

seql-2 -0.61 - 7.39 

070917 seq3 0.00 - 0.00 



seq2 0.01 - 6.01 
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Table 5 — Continued 



GRB 


Sequence 


Interval 


a 




/3 


Epeak [keV] 




erg s] 


xVd.o.f. 


Model 








-1.46 ± 


0.08 






— 




56.03/ 72 


CPL * 








-1.34 ± 


0.17 




2031 74 






53.91/ 71 


Band 


071003 


seql 


-7.23 - -1.23 


-1.37 ± 


0.15 


— 


— 


— 




90.26/ 73 


PL 








-1.15 ± 


0.21 


- 


Qr;c;+17'74 
yj'->_562 


— 




81.51/ 72 


CPL * 








-1.15 ± 


0.21 


-9.36l^:g 


962^1^3 


1.09 lb 


0.75 


81.51/ 71 


Band 




seq2 


-1.23 - 4.77 


-0.88 ± 


0.06 




1082 ± 122 






67.26/ 72 


CPL * 








-0.87 ± 


0.04 




998+53 


9.07 ± 


1.06 


68.66/ 71 


Band 




seq2-4 


-1.23 - 16.77 


-1.00 ± 


0.05 




1044 d= 92 






84.16/ 82 


CPL * 








-0.99 ± 


0.04 


„ „r»+0 60 
-3.301^;°^ 


992+5^^ 


17.02 ± 


1.39 


84.19/ 81 


Band 




seq2-5 


-1.23 - 20.77 


-1.06 ± 


0.05 




1011 ± 100 


— 




76.89/ 72 


CPL * 








-1.05 ± 


0.04 


„ If; AO 

y-jO_0.64 


„ _Li on 

998l7g 


16.76 ± 


1.42 


76.95/ 71 


Band 


U71U1UB 


seq2 


15.11 - d9.11 (si) 


—2.06 ± 


0.04 










98.26/ 87 


PL 








-1.79 ± 


0.15 




41 ± 9 






77.88/ 86 


CPL 








— 1.42 ± 


0.38 


n A o-l-O 20 

-2.431^;^;^ 




2.27 ± 


0.34 


65.37/ 85 


Band * 




seql 


-0.54 — i.yo 


1 C/1 _1_ 

— 1.54 ± 


U.04 










z9U.D8/11U 










-1.11 ± 


0.08 










168.07/109 


CPL * 








-1.05 ± 


0.05 


_ „-.+0 47 
-^■^5-735 


1210 ± 245 


7.70 ± 


1.04 


168.86/108 


Band 




seql-2 


-0.54 - 13.46 


— 1.56 ± 


0.03 










297.18/109 


PL 








— 1.22 ± 


0.06 




n .1^+190 






128.53/108 


CPL * 








— 1.23 ± 


0.03 




_202 


19.34 ± 


2.05 


128.77/107 


Band 




seq2 


1.96 - 13.46 


-1.58 ± 


0.04 










214.38/110 


PL 








— 1.28 ± 


0.07 




+253 
828 -j^YY 






120.96/109 


CPL * 








-1.27 ± 


0.07 


_o+0 51 

-2.581^:^2 




11.84 ± 


1.50 


120.10/108 


Band 


080328 


seql 


-2.76 — 9.24 


— 1.34 ± 


0.07 










124.79/ 88 


PL 








—0.99 ± 


0.21 




185-52 






106.79/ 87 


CPL * 








—0.91 ± 


0.29 


_-|-0.44 


1 rT+132 

157Ibo 






104.44/ 86 


Band 




seq2 


0.00 - 0.00 


— 1.23 ± 


0.05 










151.03/ 88 


PL 








—0.96 ± 


0.09 




456^108 






77.33/ 87 


CPL * 








—0.92 ± 


0.10 


o 1 ,1+0.32 
-2-14+7.86 


„„„ + 160 
•J'y_104 






75.02/ 86 


Band 


080413A 


seql 


5.57 - 6.57 


— 1.54 ± 


0.05 










128.79/ 73 


PL 








-1.17 ± 


0.15 




-1 o^+46 






90.13/ 72 


CPL * 








1 1 e -1- 
— i.io It 




-4.41_5 59 


l'^l-26 


/I QQ 4- 
4.yo It 


1 HQ 


yu.UD/ (1 


Dana 


080605 


seql 


-5.31 --1.31 


-1.53 ± 


0.08 










74.84/ 73 


PL 








-1.22 ± 


0.20 




1^:9 + 121 
10^-46 






57.09/ 72 


CPL * 








-1.24 ± 


0.28 




160+i}3 


1.44 it 


0.55 


57.12/ 71 


Band 




preslew 


-5.31 - 11.19 


-1.18 ± 


0.04 




32ll« 






88.04/ 82 


CPL * 








-1.17 ± 


0.05 


ey f^Q + O.SS 

— ^•'•3_i.08 


301 ± 42 


24.79 ± 


2.15 


84.37/ 81 


Band 




seq2 


-1.31 - 4.19 


-1.21 ± 


0.07 




2361^8 






80.82/ 72 


CPL * 








-1.20 ± 


0.09 


_o 15+0.79 


230 ± 60 


6.56 i 


1.07 


80.39/ 71 


Band 




seq3 


4.19 - 11.19 


-1.08 ± 


0.05 




354 ± 31 






92.18/ 82 


CPL * 








-1.07 ± 


0.05 


-2.83l«;|2 


336 ± 36 


16.72 ± 


1.29 


87.58/ 81 


Band 




seq4 


11.19 - 14.19 (si) 


-1.86 ± 


0.09 










77.38/ 73 


PL 








-1.09 ± 


0.46 




54116 






65.57/ 72 


CPL 








-0.82 ± 


0.86 


9 £-9+0.43 
^•'-'^-1.08 


49 ± 11 


1.00 it 


0.24 


59.56/ 71 


Band * 


080623 


seql 


14.57 - 16.07 (si) 


-1.47 ± 


0.13 










82.22/ 72 


PL 








-1.22 ± 


0.27 




203l«« 






74.92/ 71 


CPL * 
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Table 5 — Continued 



GRB 


Sequence 


Interval 


a 




/3 


Epeak [keV] 


Eiso [1062 


erg s] 


xVd.o.f. 


Model 








-1.21 ± 


0.78 


„ IQ 

-2.87+l-\l 


^ 1-449 






74.90/ 70 


Band 


UOU727C 


seql 


-2.0D — y.D4 


— 1.49 ± 


0.11 










84.56/ 70 


PL 








-0.10 ± 


0.34 




63I7 






63.64/ 69 


GPL * 








0.43 ± 


1.14 


„ „„_i_n 4Q 








63.25/ 71 


Band 




preslew 


-2.00 — iO.D4 


— 1.32 it 


0.05 










11/1 ao 1 
114.68/ 70 










-0.83 ± 


0.24 




-1 ^-1 n ^~ fi 3 

126_27 






86.78/ 69 


GPL 








—0.23 ± 


0.53 


-l-92Io.43 


76-19 






65.32/ 68 


Band * 




seql-4 


-2.86 - 61.14 (si) 


— 1.39 it 


0.04 










145.38/ 73 


PL 








-1.16 it 


0.08 




0^-1 +168 

351_g3 






73.36/ 72 


GPL 








-0.60 it 


0.26 


14 








51.17/ 71 


Band * 




seq2 


y.o4 — io.D4 


— 1.24 it 


0.06 










1 1 Q OK / Tn 

llo.zo/ 70 


OT 








-0.99 it 


0.13 




266Ig3 






82.53/ 69 


GPL 








-0.55 it 


0.29 


i.yo_o_3i 


II6I26 






67.94/ 68 


Band * 




seq3 


16.64 - 34.14 (si) 


— 1.22 it 


0.04 










137.62/ 70 


PL 








-0.93 it 


0.09 




263i°^ 






58.11/ 69 


GPL 








-0.58 it 


0.23 


1 no + O 19 

-L.»o_Q 23 


1281^^ 






48.73/ 68 


Band * 




slew 


16.64 - 61.14 (si) 


— 1.24 it 


0.04 










129.80/ 70 


PL 








-1.05 it 


0.07 










79.23/ 69 


GPL 








-0.61 it 


0.22 


^- '^-0.19 


119lg 






62.79/ 68 


Band * 




seq4 


34.14 — 01.14 (slj 


— 1.31 it 


0.08 










70.00/ 70 










— 1.22 ± 


0.11 




_„ „-|-4383 






66.55/ 69 


GPL 








-0.90 it 


1.03 




140l^f 






62.04/ 68 


Band 


080916A 


seql 


-2.90 - 10.10 


— 1.21 ± 


0.04 










186.84/ 89 


PL 








-0.83 it 


0.12 




226i;^ 






95.02/ 88 


GPL * 








—0.82 ± 


0.30 




22011^2 


0.77 it 


0.46 


94.63/ 87 


Band 




preslew 


-2.90 - 13.10 


-1.27 it 


0.04 






— 




152.27/ 89 


PL 








—0.95 it 


0.12 




_|_g2 

235^53 






87.84/ 88 


GPL * 








-0.77 it 


0.30 


^^+0.29 

-2.04 + ^ 


1 [:o + 15B 

158l4g 


1.13 it 


0.53 


87.25/ 87 


Band 




seq2 


10.10 - 22.10 (si) 


-1.87 it 


0.07 










102.24/ 89 


PL 








— 1.13 it 


0.30 










76.94/ 88 


GPL * 








-1.24 it 


0.30 






0.22 it 


0.07 


77.80/ 87 


Band 




seql 


PTA Tl HA 01 

54.71 — o4.zl (sij 


1 n'7 _l_ 
— 1.U7 ± 


0.06 










208.94/ 72 


OT 








-0.62 it 


0.11 




304t^t 






73.21/ 71 


GPL * 








-0.62 it 


0.11 


Q 0-+19.37 

-0.63 








73.21/ 70 


Band 




seq3 


73.71 - 79.71 (si) 


-1.35 it 


0.12 










87.84/ 72 


PL 








-1.06 it 


0.22 




29lt?fr 






73.24/ 71 


GPL * 








-1.02 it 


0.30 


_2 04+0.59 








72.55/ 70 


Band 


090301A 


seq2 


0.00 - 0.00 


-1.05 it 


0.02 




604 it 32 






98.38/108 


GPL 








-1.04 it 


0.02 




582 it 35 






90.22/107 


Band * 




seq3 


0.00 - 0.00 


-1.60 it 


0.04 










238.25/109 


PL 








-1.26 it 


0.07 




697+180 

"="-130 






103.41/108 


GPL * 








-1.26 it 


0.07 


-2 98+°-''^ 


676ll»| 






103.08/107 


Band 




seq4 


0.00 - 0.00 


-1.03 it 


0.03 




637+ 40 






162.65/108 


GPL 








-1.00 it 


0.03 


-2 4n+°-i2 

^•^"-0.15 


572 it 39 






113.35/107 


Band * 




seq5 


0.00 - 0.00 


-1.61 it 


0.05 










116.80/ 89 


PL 








-1.50 it 


0.06 




71 0+536 
'^^-253 






89.54/ 88 


GPL * 
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Table 5 — Continued 



GRB Sequence Interval a 



peak [f^^ ^ J 


E- flO^^ f=ro si 


/d o f 

A /U.U.I. 


MoHpI 


594+*!^ 

— 202 


— 


87.88/ 87 


Band 




— 


159.68/107 


PL 




- 


107.70/106 


CPL * 




- 


105.53/105 


Band 




- 


143.12/107 


PL 




- 


85.91/106 


CPL * 


209 ± 98 


- 


80.85/105 


Band 


- 


- 


84.17/ 72 


PL 


207+if 


- 


55.68/ 71 


CPL * 


189iif 


- 


55.59/ 70 


Band 


276+^^ 


- 


79.86/ 72 


CPL 


208lf3 


- 


62.23/ 71 


Band * 


- 


- 


56.40/ 72 


PL 




- 


48.38/ 71 


CPL * 


9llfr 


- 


48.40/ 70 


Band 




- 


149.99/ 73 


PL 




- 


77.31/ 72 


CPL 


258lif 


- 


62.09/ 71 


Band * 




- 


119.12/ 72 


CPL 


219til 


- 


91.40/ 71 


Band * 


270+1^ 


- 


100.99/ 72 


CPL 




_ 


71.88/ 71 


Band * 


— 


— 


162.04/ 73 


PL 




- 


66.17/ 72 


CPL * 




- 


63.11/ 71 


Band 


312^^^ 


— 


82.82/ 72 


CPL 


169i« 


— 


66.61/ 71 


Band * 




- 


124.94/ 72 


PL 


248+i°3 


— 


59.61/ 71 


CPL * 


2iotii 


_ 


58.13/ 70 


Band 




- 


96.53/ 87 


PL 


401+IJ? 




84.97/ 86 


CPL * 


1851111 




84.68/ 85 


Band 






253.90/ 89 


PL 


010+64 




88.49/ 88 


CPL * 






88.50/ 87 


Band 


343 ± 24 




93.14/ 88 


CPL * 


341126 




92.96/ 87 


Band 






53.87/ 88 


CPL * 


258 ± 46 




52.10/ 87 


Band 






216.49/ 89 


PL 


315+S 




82.67/ 88 


CPL * 


23111^ 




79.81/ 87 


Band 






74.79/ 89 


PL 


1 sq+278 




66.52/ 88 


CPL * 


13ltr 




62.75/ 87 


Band 







-1.49 ± 


0.06 


-2.23l°f^ 


seq2 


113.13 - 117.13 


-1.80 ± 


0.07 


— 






-1.48 ± 


0.11 








-1.27 ± 


0.30 


„ Lfi 9-^ 

^■00_7.46 


seq3 


117.13 - 131.13 


-1.77 ± 


0.04 


- 






-1.60 ± 


0.06 








-1.55 ± 


0.13 


-i_n 1 ^ 
^•^^-0.42 


seql 


0.13 - 2.63 


-1.27 ± 


0.06 


- 






—0.96 ± 


0.16 








-0.93 ± 


0.20 


—2 7n+0 ''i 


preslew 


0.13 - 7.13 


—0.81 ± 


0.08 








-0.69 ± 


0.11 


^ „ , -t-O 17 
^•^^-0.24 


seq2 


2.63 - 4.63 


-1.44 ± 


0.11 


- 






-0.78 ± 


0.44 








-0.78 ± 


0.39 


Q 07+19.37 

-0.63 


seq3 


4.63 - 6.63 


-1.24 ± 


0.06 


- 






—0.97 it 


0.11 








-0.78 ± 


0.18 


i_n 1 7 

-!.»(•_() 23 


seq4 


6.63 - 7.13 


-0.46 ± 


0.08 








-0.26 ± 


0.17 


„ 9 .+0.14 
~^-^4_0.22 


seq5 


7.13 - 8.13 


-0.76 ± 


0.09 








-0.46 ± 


0.19 


„ ^ un 1 4 

1 ci^u.i^ 

''■-'■^-0.18 


slew 


7.13 - 39.13 (si) 


-1.38 ± 


0.04 


- 






-1.08 it 


0.11 


— 






-1.01 it 


0.16 


-2.39+°-lt 


seq6 


8.13 - 8.63 


-0.53 it 


0.10 








-0.15 it 


0.23 


„ „„-i-n lfi 
^■■^■^-0.22 


seq7 


8.63 - 11.13 (si) 


-1.32 it 


0.04 


- 






-1.05 it 


0.11 








-0.99 it 


0.14 


^ - -t-o 42 
^■Oi_7.49 


seql 


-49.48 - -42.48 


-1.11 it 


0.20 








-0.69 it 


0.37 








-0.38 ± 


0.00 


-1 89+°-^^ 


seq3 


0.52 - 6.02 


-1.53 ± 


0.08 








-0.50 ± 


0.18 








-0.51 it 


0.14 


Q 07+19.37 

-0.63 


seq4 


6.02 - 11.52 


-0.36 it 


0.09 








-0..% ± 


0.10 


-3.98lg;Q2 


seq5 


11.52 - 15.02 


-0.45 ± 


0.12 








-0.-11 ± 


0.15 


-2.8lt?;t| 


seq6 


15.02 - 32.52 


-1.42 it 


0.07 








-0.69 it 


0.14 








-0.56 ± 


0.34 


9 ir;+0.24 


seq9 


82.52 - 139.52 


-1.59 ± 


0.07 








-1.39 ± 


0.16 








-1.27 it 


0.39 


9 10+0.37 
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Table 5 — Continued 



GRB 


Sequence 


Interval 


a 




/3 


Ep^ak [keV] 


E^so [1052 


erg s] 


xVd.o.f. 


Model 


nnn /1 1 q T3 
UyU4ior> 


seql 


o.yb — i/.yb (slj 


— 1.59 i 


0.06 












ru 








— 1.00 ± 


0.13 




179I28 






89.06/ 88 


CPL * 








— 1.00 i 


0.13 


rj -1,-1-17.12 

' •J-^_2.88 


1 '7Ci _L Q '7 






on r\c 1 o'7 

oy.ub/ 0/ 


Band 




seq2 


17. yb - viu.yb (sij 


— 1 . 77 ± 


0.03 










01 (2 crr\ / or» 

216.50/ 89 


PL 








-1.52 ± 


0.06 




152+29 






101.43/ 88 


CPL 








-l.lOi 


0.19 


9 ,,o+0.13 
^"^■^-O.IS 


831^2 






79.17/ 87 


Band * 




seq3 


30.9b - 40.96 (si) 


-1.92 ± 


0.04 










llb.92/ 89 


PL 








-1.74 ± 


0.10 




S9tH 






93.19/ 88 


CPL * 








-1.75 ± 


0.09 


Q 07-1-19.37 
^•■-"-0.63 








93.19/ 87 


Band 


090424 


seql 


-0.62 - 0.88 


-1.21 ± 


0.06 




232 ± 23 






110.9b/108 


CPL * 








-1.20 ± 


0.06 


r,c+0.43 
■J-^'J-6.75 


224 ± 25 


1.47 ± 


0.11 


108.69/107 


Band 




preslew 


-0.62 - 14.38 


-1.33 ± 


0.05 




207127 






112.10/108 


CPL 








-1.01 ± 


0.17 


^■'^"-0.13 




4.17 ± 


0.32 


105.78/107 


Band * 




seq2 


0.88 - 1.88 


-1.77 ± 


0.06 










205.95/109 


PL 








-1.36 ± 


0.13 




120+2? 






120.88/108 


CPL 








-0.86 ± 


0.30 


-2 b7+°-24 
-0.30 




0.40 ± 


0.06 


108.71/107 


Band * 




seq4 


2.88 - 4.88 


-1.11 ± 


0.07 




194 ± 20 






119.94/108 


CPL * 








-1.11 ± 


0.07 


_4 57+1.39 
^■'"-5.43 


194 ± 21 


1.24 ± 


0.09 


119.84/107 


Band 



Note. — Interval: Times are with respect to the Swift/B AT trigger. See also notes to Table [2] 



Table 6. The median parameter values for the best and acceptable model fits 



Model Time Integrated Time Resolved 





a 


/3 


Epeak 


a 


/3 


Epeak 


PL best 
PL acceptable 
CPL best 
CPL acceptable 
Band best 

Band accpt (CPL best) 


-1 b4+0i5 

, cn+O.lO 

^•^^-0.18 

-1 16+°l* 
^■^°-0.17 

_1 19+0.14 

^•^='-0.44 

— q'3+0.23 

-1 11+0-24 
^•^^-0.15 


-2 29+0-29 

r, r,o + 0.12 

— 1 99 


324 f;+282.5 
302 Q+99 * 

264.0l}^« 


-1.68_Q 21 
1 co+0.19 
^•'''^-0.18 
1 10+0.20 
^•^'-'-0.25 

-i-03l2:JI 

-0.8210- 
1 11+0.22 

^•^^-0.16 


-2 40+0-28 
Q ~l~0 ■ 55 

-2.8S_g jg 


291 7+177.5 
' -98.4 

312.6l?i« 
na 0+249.8 
1^».»_44.8 

248.4+1^5^4 


Overall Best 
Short bursts 


1 ,.,+U.2V 

-'-■^■J-0.28 

-0 72+0-24 
'J- '^-0.04 


9 90+U.I2 

^■^■J-i.gg 


265. 112^1:2 

1 0*^7 1 +318.6 


_l 4o+o-=*a 

J^-^'J-0.28 


-2.»8_g ig 


9^.0 ,+204.0 
^OO.l_108.2 


1st Quarter 
2nd Quarter 
3rd-4th Quarter 








"■^='-0.18 
-I 08+0.29 

J^-J^O-0.26 


9 o.,+0.4i 

9 00+0. 61 
^•^■^-6.15 
9 40+0.09 
-2.48„o 34 


270 9+2U0-4 
236.8_j^g3 2 

990 1 +91.3 

ZZO.i_j^3g 2 



Note. — Each pair of rows gives the medians and quartile dispersions for the free parameters of the model. The 
indicators "best" and "acceptable" divide the bursts as to whether a given model was the best fit for a burst or 
merely an acceptable model, as defined in ^2] 
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Table 7. Summary of the results of the analysis of the Epeak - Eiso correlations. 



Data set 


N 


P 


Chance probability 


m 


K 




red 


Original Amati (A06) sample 


39 


0.87 


4.72 X 10-13 


0.47 ±0.02 


101 ± 7 


0.13 ± 0.01 


0.7 


Swift bursts in Amati sample 


6 


0.94 


4.80 X 10-3 


0.74 ±0.05 


55 ± 7 




0.9 


Non-Swift bursts in Amati sample 


33 


0.88 


1.34 X 10-" 


0.43 ± 0.02 


111 ± 7 


0.12 ± 0.01 


0.6 


All Swift bursts previous to this work 


36 


0.74 


3.21 X lO-'' 


0.41 ±0.03 


156 ± 15 


0.15 ± 0.02 


0.7 


Current sample 


22 


0.74 


7.58 X 10-^ 


0.51 ±0.05 


173 ± 23 


0.27 ±0.02 


0.9 


All Swift bursts 


58 


0.74 


2.51 X 10"" 


0.44 ± 0.03 


164 ± 13 


0.20 ±0.02 


0.8 


All long bursts 


91 


0.76 


1.45 X 10-1** 


0.42 ±0.02 


143 ± 8 


0.18 ± 0.01 


0.8 


All short bursts 


8 


0.24 


5.70 X 10-1 


0.53 ±0.07 


1429 ± 238 


0.06 ± 0.10 


1.7 


Current sample (sequences) 


59 


0.80 


5.32 X 10-^4 


0.45 ±0.02 


306 ± 10 


0.22 ±0.01 


0.9 


1st Quarter 


24 


0.65 


5.17 X 10-1 


0.42 ±0.02 


356 ± 21 


0.21 ± 0.05 


1.0 


2nd Quarter 


23 


0.80 


5.71 X 10-^ 


0.34 ±0.03 


376 ± 19 


0.19 ± 0.01 


0.9 


3rd-4th Quarter 


12 


0.79 


2.22 X 10-3 


0.41 ±0.05 


225 ± 8 


0.22 ± 0.01 


1.0 


Fluence 15-150 keV 


83 


0.31 


4.25 X 10-3 


0.26 ±0.02 


3857 ± 985 


0.33 ± 0.01 


0.9 


Fluence 15-150 keV (BAT only) 


24 


0.70 


1.43 X 10-4 


0.08 ±0.02 


227 ± 47 


0.01 ± 0.03 


0.8 


Fluence 15-2000 keV 


59 


0.44 


5.12 X 10-1 


0.45 ± 0.03 


34156 ± 12268 


0.30 ± 0.01 


0.9 


Fluence 1-10000 keV 


59 


0.41 


1.25 X 10-3 


0.40 ± 0.04 


16844 ± 6899 


0.31 ±0.02 


0.9 



Note. — A'^ is the number of bursts in the sample; the number of degrees of freedom is three less than this number. The correlation (p) 
is the Spearman's rank correlation. The parameters m, K and are defined in the text in i|4.1l Xred defined as the minimum of the 
exponential part of the likelihood function divided by the number of degrees of freedom (see text). 
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Fig. 1. — Left panel: Distribution of Xred ^"^^ used in this work. The median values 

are 0.96 for the time integrated and 1.00 for the time resolved sets. Right panel: Distribution 
of the WAM normalization for the fits used in this work. The median values are 1.06 for the 
time integrated and 1.06 for the time resolved sets. 
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Fig. 2. — Distributions of the low-energy power-law index, a, values for different samples. 
In frames a and b, the distributions are for the bursts for which each of the given models 
is the best fit, with the sum of all individual model histograms overlaid. Frame c overlays 
the time integrated and time resolved histograms (the "All" histograms from frames a and 
b, respectively). In frame c, the blue or light gray solid histogram represents short bursts. 
The dashed vertical lines represent limits to a for the synchrotron shock model (see text). 
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Fig. 3. — Distributions of the high-energy power-law index, f3, values from the Band model 
fit values for the time integrated (frame a) and time resolved spectra (frame b). In frame a, 
the blue or light gray solid histogram represents short bursts. 
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Fig. 4. — Distributions of Epeak values from the best model fit values for the time integrated 
spectra (frame a) and time resolved spectra (frame b). In frames a and b, the distributions 
are for the bursts for which each of the given models is the best fit, with the sum of all 
individual model histograms overlaid. Frame c overlays the best fit curves from the time 
integrated and time resolved spectra. The blue or light gray solid histogram represents short 
bursts. 
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Fig. 5. — The low energy power law index a is plotted relative to the fluence in the 15-150 
keV energy band in frame a and relative to E^^ak in frame h. For both frames the colors of 
data points represent the following classes. Colored points are GRBs from this study where 
long bursts are distinguished by which model is the best fit: Blue: Band, Red: CPL, Black: 
PL. Short bursts (all CPL best) are shown as green points. The light gray points are taken 
from SOS, where the open squares are bursts for which -Epeafc can be fit. In frame a, the 
fluences for the blue, red and green points are derived from fits to the best model from the 
current sample and the fluences for the black and gray points are from SOS. The dashed 
lines represent limits to a for the synchrotron shock model (see text). 



10 1 00 1 000 

Epe„. (CPL model) 

Fig. 6. — Epeak derived from a Band model fit plotted relative to Ep^ak derived from a cut-off 
power law fit. Colors of data points indicate which model is the best fit: Blue (light gray): 
Band, Red (black): CPL, Black (open): PL. The solid line indicates perfect correlation, 
showing that the CPL model always slightly overestimates Ep^ak with respect to the Band 
model. 
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Fig. 7. — Epgak determined by Konus is plotted versus Ep^ak derived in this work. All Konus 
values are from the literature (see references below). The diamonds represent bursts for 
which the BAT-WAM values are derived from Sakamoto et al. (2009b; in preparation) and 
the triangles are from this work. See the text for a discussion of the BAT-WAM data selection 
for this plot. The dashed line is the best fit to the data points represented by diamonds. 
The solid line represents perfect correlation between E'^^J"^^^ and .E ' i^"""'^. References for 
the Konus po i nts are (in order of increasing E^° T^ '^) iGolenetskii et al.l (I2006bl. l2008d 120061 , 
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Fig. 8. — Distributions of a, /3 and E^^ak values for the BAT-WAM joint fits compared 
to the results from other data sets. The solid black curves are for this sample (the best 
model fits shown as the solid black curves in Figures [2^, [3^, and St, respectively), the red 
(dashe d) curves are for BAT S E bursts (K06), the blue (dot-dashed) curves are for HETE 
bursts (jPelangeon et al.ll2008l ) and the green (dotted) curves are for BAT only bursts (SOS). 
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Fig. 9. — Comparison to the results of A06. Filled points are from this work: red squares 
are long bursts and blue triangles short bursts. Open squares are Swift bursts frorn earlie r 
studies: green: from A06, black: from ICabrera et al.l (120071 ) and ICampana et al.l (120071 ). 
Open diamonds are non-Swift bursts from A06 with short bursts marked in blue. The red 
solid line is the fit to this data set (excluding GRB 060505 at Eiso = 10^° erg) and the 
red dashed lines represent a vertical logarithmic deviation of 0.675 (corresponding to 2.5cr^, 
where cr„ = 0.27; line 5 of Table [7| ). The green solid line is the fit to all Swift bursts. The 
black dot-dash line (fit) and dotted lines (deviations) are from A06. The green hashed lines 
indicate our estimate of the i^peafc- dependent threshold (see discussion in the text). 
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Fig. 10. — Zoom in on Figure [9] to show more clearly the samples being studied in this 
work. Short bursts, sub-energetic bursts and X-ray flashes are eliminated. The symbol and 
line designations are the same as in Figure M 
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Fig. 11. — (a.) The vertical axis shows the ratio between the photon fluence [photons / cw?) 
and energy fluence (units 10~^ erg/cm^) when fit to a Band model between 1 keV and 10000 
keV. The colors represent different bands of energy fluence F (in units 10~^ erg /cm?) - 
black: (F < 5.0), green (5.0 < F < 10.0), blue (10.0 < F < 25.0), red (25.0 < F). The 
solid line indicates the best fit and the dashed lines are Scr deviations in intercept. (6.) The 
relationship between fluence (1-10000 keV) and Epeak in the observer frame. Red points are 
long bursts in this sample with redshifts, black points without; short bursts are shown as blue 
points. The green dashed line indicates our estimate of the Fpeafc-dependent instrumental 
threshold. The meaning of the black lines is explained in the text. 
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Fig. 12. — The perpendicular distance from the best fit hne to the -Epeafe ~ -^iso plot for all 
Swift bursts as a function of redshift. The vertical coordinate for each point is calculated 
in log-log space and scaled by the errors on that point. Thus the vertical scale can be 
interpreted as significance (a). Bursts in this sample are shown as red diamonds and earlier 
Swift bursts are shown as black crosses. There is no sign of any variation with redshift. 
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Fig. 13. — The data for all Swift bursts are divided into four redshift bins so as to put roughly 
the same number of bursts in each bin. The bin edges are: z < 1.2; 1.2 < z < 2.3; 2.3 < z < 
3.4; 3.4 < z. The top plot shows the slope, m, of the Epeak — Eiso relation and the bottom the 
intercept, K, both as a function of redshift. There is no sign of any variation with redshift. 
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Fig. 14. — Plot of the individual sequences for the burst sample. Long bursts are shown 
as red or black squares and short bursts are shown as blue or grey triangles. The solid 
red line is the best fit to this distribution (see text), the dashed red line is the best fit the 
time-integrated bursts (Figure [H]), and the black dash-dot line is the fit from A06 
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Fig. 15. — Plot of the individual sequences (pulses) for the burst sample. Pulses are 
distinguished by their time sequence within the burst. Pulses in the first quarter of the 
burst are shown in red (black), those in the second quarter are in blue (grey) and those 
in the last half are shown in black (open). The color-coded dash-dot lines are the fits to 
each pulse distribution. The solid red line is the fit to all pulses (same as the solid line in 
Figure [H]). 



